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IN MEMORIAM. 


Captain F. W. Hutton, F.E.S. (1836->1906).-— Captam F. W. Hutton, 
who was ProHidant of the New Zealand Institute at the time of his 
death, was bom m Lincolnshire in November, 1886, and received his 
earlier education at Southwell Grammar School and at the Royal Naval 
Academy at Gosport. Afti^r serinng for some time as a midshipman 
he left the sea and studied at King’s College, London Soon, however, 
he received a commission in the Royal Welsh Fusiliers, and saw active 
service in tUe Cnmea and in the Indian Mutiny. 

He had already devoted some attention to geology, and on his return 
to London m 1860 ho was elected a Fellow of the Geological Society of 
London, and during the next few years gained further practical knoW'> 
ledge of this science by accompanying the officers of the Geological Survey, 
and in 1862 he published a jiaper on “ The Use of Geology to Military 
Officers.’* 

In 1866 he resigned his commission m the army, ami came to New 
Zealand and settled for a time m the Waikato chstnot. Before long ho 
wtw» appointed t-o the Geological Survey Department, and commenced 
hiH gciological work in New Zi'alaiid by making a geological survey of the 
Lower Waikato district, and this was soon followed by rejKirts of the 
geology of other parts of Auckland In 1871, on his appointment as 
Assistant Geologist, ho removed to Wellington, and resided tWe for nearly 
three years, when he was appointed Provincial Geologist of Otago, and 
took up his residence in Dunedin. Here he continued his geological work 
and published a geological map of Otago, and, in connection with the late 
Professor Ulrioh, brought out a work on the geology of Otago 

He hod already commenced work also at the ssoology of New Zea- 
land, where the labours of a systematist were greatly needed, and in 1871 
had published a catalogue with specidc diagnoses of the birds of New 
Zealand. This was soon followed by a catalogue of the Ushes, and papers 
on the bats and lizards, and in 1878 his catalogue on the marine 
appeared, thus laying the foundation for the large amount of work which 
he afterwards did on the New Zealand MoUu^tca, 

In 1870 he was appointed Professor of Natural Science at Otago 
University, and had charge of the Otago Museum, which indeed he may 
Im said to have founded, fm the building was designed and all the internal 
errangomeats fitted up under his direction, and a large part of the natural - 
history speeimetm were brought together by his exertions. 

About four years later be was appointed Professor of Biology at 
Canterbury Colley, and about the time of his removal to Ohrlstcnuroh 
he published a little work, ** Zookigioal Exercises,*’ in which he adapted 
the method of instruction in natural science by Huxley to the special 
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requirementB of New Zoalftnd students. In Christchurch he continued 
to pubhsh papers on vanous branches of New Zealand zoology, but these 
were vanod with others on various geological questions, and for some 
time, owing to the wants of his students, he devoted considerable atten- 
tion to botany Latdr on he had temporary charge of the Canterbury 
Museum after the death of Sir Juhus von llaast, ana m 18t)3 he succeeded 
Mr. H O Forbes as Curator, and at'Uni also as lecturer on geology -for 
this purpose resigmng the professorship of biology 

About three years ago, feeling the strain of lecturing too much for him, 
he gave up his lectureship, but continued as Curator of tlio Museum In 
March, 1905, he left for England on leave of absence, but almost imme- 
diately after his arrival there he had a second attack ot the severe illness 
from which he had suffered about two years before, and though he recovered 
to some extent he did not survive to reach New Zealand, but died dumig 
the return voyage 

Cajitain Hutton naturally took a large share jn the worK oi tlie various 
scientific societies of New Zealand and Australia He was successively 
a member of the InstituUw at Ainkland, Wellington, Dunedin, and Christ- 
church, and served w^veral times as Secretary, Treasurer, or President 
in the two last named He was also an honoraiy member of the Linnmn 
Society of New South Wales, Fellow of the Zoological and Geological 
Societies, and member and Piesident of the Australasian Ornithological 
Union In the Australasian Assodation for the Advam craent of Science 
he served as Geneial Secretary for the Clmsk'hun h mwtmg in 1891, 
President of Section C (Geology) m 1890 and 1898, and President of the 
Association at the Hobart meeting in 1902 He was electtni a Fellow 
of the Royal Society of London m 1892, and in 1904, after the reconstitution 
of the Nrnv Zealand Institute, he was unanimously elected its first Pre- 
sident 

Of Captain Hutton’s work on the geology and zoology of New Zealand 
some mention has been already made Naturally a great pari of his time 
was devoted to systematic work, and many papers dealing with practically 
all classes of animals will be found in the “ Transactions of the New Zealand 
Institute,” and in the scientific journals of Austraha and Europe. To the 
birds ho devoted special attention, and his important paper on the ” Moas 
of New Zealand ” (Trans N,Z Inst., vol xxiv) requires special mention 
He also gave much time to the study of the Molluma, and in addition 
to many pajHirs in the Transactions pnbhshed several catalogues of them, 
the most important of them being his “ Manual of the New Zealand Mol- 
lusc>a,^* issued separately in 1880, and in the same way ho catalogued many 
of the different groups of insects. His systematic work was summed 
up and brought so far as possible to a conclusion m the ” Index Fauiifie 
Novte-Zealaiidiee,” edited by him and published by the Philosophical 
Institute of Canterbury m 1904, and a glance through its pages will show 
how large a number of the animals recorded from Now Zealand have been 
named and dcsa’ibed by him. Two more popular works written in con- 
junction with Mr. James Drummond deserve mention— viz., “ Nature 
in Now Zealand ” and ” The Animals of New Zealand,” the latter being 
a beautifully illustrated account of the air-breathing vertebrates of New 
Zealand 

But Captain Hutton was far more than a systematist, and as far 
back as 1873 be dealt with the origin of the fauna and flora of New Zea- 
land m a paper “ On the Geographical Relations of the New Zealand 
Fauna ” (Trans. N.Z. Inst , v, p. 227), and he returned to the subject 
again in 1884 and 1885, and a concise and jndioial summing-up of our 
knowledi^ of the subject will be found in the introduction to the “ Index 
Paunte Nov«e*Zealandj«e.” Of the various explanations offered by him 
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to account for «ome of the difficult questionti m connection with tliid eub- 
ject it ie not necessary to speak here m detail— they are well known to all 
students of the subject, and have lon^ sinoe established Captain Hutton 
as a loading authority on the distribution of animals and plants 

Dutmg the whole course of his career Captain Hutton gave much 
thought to the fundaineutal questions of biology. In 1861 he wrote a 
review of Darwin*s “ Origin of Spei'ies ” for the “ Geologist/’ which showed 
that even thus early he hod graHjied and accepted the fundamental prin- 
ciples of the theory of dem'ont, and he continued to deal with various 
asjie()<H of the question m nmnerouH addrcHses and lectures In 1899 
ho published hia “Darwinism and Lamarckism, Old and New”, and m 
1902 appeared “ Tiie LesHon of Evolution,” containing his Presidential 
Address to the Hobart meeting of the Australasian Association for the 
Advancement of Science, and other essays 

In addition to the large amount of work that he personally |)erfornied. 
('Japtain Hutton greatly aided and advanced our knowledge of the natural 
h'story of New Zealand by the advice, stimulus, and assistance which 
he at all times so willingly gave younger workers, and his name will 
always remain uisefiarably ionntH:‘ted with the foundation of New Zealand 
gwilogy and zoology. 
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Art. I. — Early Native Records of the Manawatu Blocks 
By P. Baldwin. 

l^HeMd before the Maihawatti PMtoaophtcal Society t HSrd February , 190..,] 

The records we have in connection with the Maori occupation 
and settlement of the place where we now live, and the im- 
mediately surrounding country, are exceedingly meagre. The 
reason is obvious to any person who has had any considerable 
experience in the ways of the ancient Maori. As we are all 
aware, the whole of this country, with very limited exceptions, 
was originally bush-covered, and, if we except one or two tracks, 
was not crossed by any highway. Moreover, these* tracks were 
by-paths — they did not form a recognised communication be- 
tween densely populated parts of the country. Land so ciroum- 
stanoed— bush-covered and pathless — has never loomed large in 
the history of the Maori people. Before the advent of the Euro- 
pean the bush-covered lands were only of value to the Maoris, 
and were only utilised by them, as places of food-supply and 
game-preserves. And even in this connection the valued area 
was limited. The native game of the country, especially the 
wood-pigeon and the kaka, usually restneted themselves to cer- 
tain more or less well-defined spaces, while berries grow mostly 
on the outskirts, rarely m the centre, of the forest ; so that to 
the old-time Maori bush country in general formed a possession 
of little value, except in so far as the streams running through 
it held eels. 

For, as far as the Native Land Court records run, the Nativ^ 
always proved the title of their tribe to the mana over certain 
land by matters relating to the feeding of the tribespeople. Eel- 
weirs, places for snaring birds or steeping berries, actual culti- 
vations — these alone were matters of moment to the old Maori* 

1— Tcanti 
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It is on these that stress is laid in asserting title To the Native 
an easy and comfortable supply of food was of the utmost 
moment, and old-time difficulties m obtaining it moulded deep 
into his character another traib— jealousy of other tribes, especi- 
ally in matters pertaining to the occupation of lands. The 
Maori brooked — so far as he could sustain his possession — ^no 
interference with his feeding-places. Defined Lndmarks were 
always set, and were considered true boundaries between the 
lands of adjoimng tribes. 

Similarly the hapus had their well-marked spheres of in- 
fluence, and, in the vast majority of cases, special defined areas 
of the land under the eegis of their particular Native tribe. But 
both the boundaries and the area had relation to feeding- 
facilities, and heavy bush country for that reason did not lend 
itself to marked dispute except incidentally So it was with 
the greater extent of the Manawatu Block 

But, passing to a consideration of the large block forming the 
countryside around, the prospect clears, and we get more definite 
detail. 

Dealing generally with the land between the Rangitikei and 
the Manawatu Bivers, we find, when history dawns, early in the 
last century, that the whole of the country was ocimpied by 
branches of the Rangitanc Tribe, which had fought its way from 
the East Cape, and by their allied tribes, the Ngatiapa and 
Muaupoko. As between themselves the Muaupoko held the 
southern portions, the Ngatiapa the northern, while in the centre 
were the Rangitane. The mam habitations in the Manawatu 
district were those of this latter tribe along the banks of the 
Oroua and Manawatu Rivers, where food was plentiful. Here 
they had populous settlements and large pas. The tribes were 
numbered in hundreds — in one expedition tw#ve hundred took 
part — and they lived then secure and prosperous in the open and 
fertile country. 

The bush and mountain pas came later, and formed, as is 
usual with Natives, the brand of troublous times. Early in the 
century, at a date placed variously from ISIS to 1827, the Nga- 
tiapa were first disturbed in their possession by the Ngatitoa 
war expedition of Rauparaha and Waks Nene, which is so well 
remembered. This war-party fought its way down the coast, 
defeating and grievously crusMng the Ngatiapa, the Muaupoko, 
and, in part at least, the Rangitane ; for although the Rangitane 
have in latter days expressed ignorance of the raid except in so 
far as Rauparaha came into conflict with them at Hotuiti, the 
contention savours of absurdity. If the Rangitane did firmly 
hold the land then, the two parties — on the one hand the in^* 
truders and on the other the occupants— could not have failed 
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to come into conflict. However, be that as it may, the north- 
ern war-party returned home after deaUn |5 some shrewd blows 
to the Manawatu tribes, and Rauparaha m the following years 
made preparations for his great heke or exodus from Kawhia 
to this district, in which he was accompanied by the Raukawa 
and a section of the Ngatiawa. The history of his return spelt 
ruin to the Manawatu Natives Having fought his way south to 
Kapiti, he established there his headquarters, having at his call 
the three tribes who composed the migration — vug., the Ngatitoa, 
the Ngatiraukawa, and a portion of the Ngatiawa The power of 
his war-parties, his nfles, his own ability and rutldessness, and the 
weakness of the original inhabitants, all tended in one direction — 
the complete subjugation of the old residents, and the establish- 
ing of the new tribes’ mana as far north as the Wangaehu River, 
as far south as Wellington. Moreover, a treacherous murder of 
Rauparaha’s children by the enemy lent the war from his side a 
ruthlessness exceeding the ordinary tribal conflicts. Slaughter- 
ing, hanying, massacring wherever occasion allowed, Rauparaha 
decimated the district, and drove into hiding the shattered tribes 
from the Wangaehu to Port Nicholson. 

The scene of this murder, so fatal to the tnbes concerned, 
was Papaitonga, situated in the beautiful lake where 8ir Walter 
Buller now lives The place is one of the masterpieces of nature. 
A small island rises m the lake, bush-clad to the water’s edge ; 
the ferns, nikau, kowhai, and other native trees are reflected 
in the perfect mirror of the lake. Here was the pa of Toheriri, 
a leader of the Muaupoko, and here Rauparaha was invited to a 
friendly visit, the bait held out being the promise of some war- 
canoes. Rauparaha went with his wives, lus children, and a 
handful of followers, and in the darkness the entire party except 
Rauparaha and a little girl were murdered. The great chief 
escaped, and swore a signal revenge. He swore to kill Muau- 
poko and Ngatiapa from early morn till dewy eve ; and well ho 
kept his word. He himted them on land, he hunted them in 
the mountains, he followed them to their lake fortresses. To 
take Waiputa, a fortifii^ation in the Horo lake, his men swam 
off ; to take the great Papaitonga Pa of Waikiekie they dragged 
their canoes overland. In each case the same fate befell the 
defenders. They were out down to a man, woman, or child, and 
the lovely little island at Pajpaitonga still hides legions of dead 
men’s bones. This was the fate of Muaupoko. Nor did Raugi- 
tane and Ngatiapa fare much better. Rauparaha harried them 
with his Ngatitoa, and the war-parties of Ngatiwaewae, Ngati- 
pUdaha, and Ngatimaniapoto — hapus of the Raukawa— spread 
over their fends from the Oroua to Rangitikei as far norm as 
Kakariki. At Etakariki, Awahuri, Tuwhakahepua^ Puketotara — 
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wherever these people congregated they were attacked, dis- 
persed, and massacred until not one place of any importance 
was left them as a fortress, and the wretched remnant of these 
once important tribes was a number of frightened fugitives 
furtively living so long only as they could escape their foe’s 
notice. So severely were the tribes dealt with that, even count- 
ing Ngatiraukawa, a Government censor in 1860 estimated the 
total Native population of the Manawatu at six hundred persons. 
The conquered territory was parcelled out. Ngatiawa had the 
south, Ngatitoa the centre, while the northern portion, including 
the Rangitikei and Manawatu, was allotted to the Ngatiraukawa. 
To use the words of an old Native,— 

“30th April, 1866. 

“To Captain Russell, Native Minister. 

“What we have said is true — ^neither Ngatiawa, Rangitane, 
nor Muaupoko have anytlung to do with it [the land]. The truth 
is, on our arrival they were all killed or beaten by Te Bauparaha. 
The mana of the land had also departed, and they remained 
slaves. Again, Te Rauparaha was continually slaying the people 
who had murdered his children. On account of our long residence 
at last Rauparaha ceased slaying them, and then they lived. 
The word of Rauparaha went forth, Let the land remain for 
Raukaroa as far as Rangitikei, as far as Otaki. By this time 
we obtained authority over these lands, and by this our with- 
holding the land is just. Again, we have been living on it for 
many yearis We have lived on the land thirty-one years. The 
fire of Ngatiapa has not been kindled up to the present day. 
This 18 why our speech has been put forth — first Governor 
Grey, second Governor Browne, third Governor Gtey again. 
Our determination to hold fast the land is fixed and will never 
cease.’^ 

Now, were the Ngatiraukawa justified from a Native point 
of view in this claim ? In order to be in a position to fairly 
estimate this, certain salient features should be borne in mind, 
which it seems to me have been lost sight of by most of those 
who have given the matter impartial consideration. One 
cardinal factor dominates any theory on the subject — a 
factor entirely opposed to our common views of titles to 
land. We must eliminate from the discussion all question 
or idea as to who owned the land. Maoris knew no owner- 
ship in land. No individual owned land, no hapu owned 
land, no tribe owned land. Over certain very limited areas 
individuals possessed certain usufructuary rights — in certain 
game - places, cultivations, and eel -weirs families or hapus 
might have a joint right, excluding to some extent the rest 
of the tribe— while the aggregate of these rights of enjoy- 
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ment, backed — and only so long as it was backed — by the mana 
of the tribe, formed the so-called Native ownership. Ownership 
it was not. The power to prevent others from exercising rights, 
and that this power was recognised by those others — ^this, in a 
word, constituted the “ mana.’* The actual exercise of the rights 
was not necessary. Interference with the rights might occur 
and not destroy them. So long as the recognised ability to per- 
manently exercise the rights, and the correlative ability to stop 
others, obtained, so long did the tribe having that ability have 
the mana But, oo-existing with the mana of one tribe over the 
whole land within settled tribal boundaries, portions of another 
tribe might in one way or another have limited rights over cer- 
tain defined parts. Such rights would be confined to the actual 
usufruct enjoyed, and would not give mana over the surrounding 
country. It might be a settled and long-standing concession, 
strictly limited. This in process of tune became practically 
irrevocable, and one method alone extinguished the limited 
rights that the exercise of such pnvileges gave to any nomad 
or wild tribe upon any specific territory : that method was death. 
Death alone completely extinguished the rights and left no 
flaws on the title. This it is that points the grim wit of Mr. 
T. C, Williams’s description of To Rauparaha as “ the ablest 
conveyancer of the period.” His title-deeds were without flaw. 
And the old Maori urged this on his tribes, Clear the weeds 
from my garden.” Unfortunately for them they did not. 

Now, as we have seen, the northern part of the territorial 
conquest passed to the Raukawa. Extended as they were far 
away from the influence of Rauparaha and his ruthless savagery, 
as time passed along they dealt gently with the broken tribes. 
** The rain from heaven might fall on these tnbes,” to use Wha- 
tanui’s descriptive phrase, but no man’s hand should be on 
them.” So it was with the Muaupoko, and so it was with the 
Bangitane, and the beggarly fragment of Ngatiapa that un- 
obtrusively crept from their bush hidmg-places. The Raukawa, 
magnanimous in their victory, allowed these wretched pjeople 
n settlement, allowed them to occupy, allowed them to cultivate. 
But the mana to the Wangaehu was with the conquerors. No 
tribe would have dared occupy the country hostilely to them. 
It was imder the Raukawa mana that the Ngatiapa and 
Bangitane rested alive and unharried. 

So it was when the Europeans commenced to push their way, 
and abundant testimony proves it. 

But the coming of the white man spelt fresh trouble. Among 
the older settlers Mr. F. Robinson took up a block of some 20,000 
acres near Foxton, Mr. Thomas Cook a similar area in the same 
district, Mr. Steven Hartley a small piece on the Manawatu 
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River ; Mr. Bull and Mr Donald Fraser each took a large block 
in the Rangitikei district , Captain Earl— or» as he is called in 
i.he records, “ Kerl ’’—and Mr Darnels also took up large hold- 
ings in the Rangitikei Each of the northern settlors obtained his 
holding by the consent of the Raukawa Natives who live^i in the 
immediate vicinity of the land leased. These lands were held 
on various terms, at various rentals, but it appears that the whole 
of the rents were paid to, and the leases were made bv, a chief of 
the Raukawa called Nepia Taratoa And it was only as this old 
(jhief felt the touch of Death on his shoulder that he parcelled out 
portions of the rents to Ngatiapa and a portion to Rangitaue 
Nepia was the moviug and managing spirit in the leasing, as in 
the consent to the sale of the Rangitikei Block by the Ngatiapa, 
and the Upper Mauawatu or Ahuahirangi Block by Rangitane 
The fact that the consent was sought for and given further 
strengthens the Raukawa claims. 

It must not, however, be assumed that the Rangitane in 
particular were entirely crushed, at any rate until long after 
1830. The name of the tribe, perhaps the most warlike of the 
three, appears in connection with blocks situated far away from 
the Manawatu district. This was exemplified to me in a some- 
what startling way at the hearing of the Tipapakuku Block. 
Mr. Southey Baker was cross-examining one of the claimants as 
to whether he was one of the Ngatipakapaka The man ques- 
tioned, Ihaia te Ngar ra, flew into a violent passion and shouted 
out, “ Yes, I am a Ngatipakapaka, and I will tell you why I am 
called a Ngatipakapaka. When I was a bov, my father and my 
uncle and 1 were hunting a sort of a short-tailed dog, which had 
been recently introduced, and which we kept as pets Hoani 
[pointing to Hoam Meihana, who sat a little bit away, champing 
his toothless gums] ‘‘ and his war-party came across the moun- 
tains, and they caught us, and they killed us, and cooked us, and 
overcooked us, and that is why I am called Ngatipakapaka.” In 
the case in question Meihana was allowed in as an equal fifth 
owner in this block, which was situated beyond Daunevirke. 

To return, however, to the Mauawatii-Rangitikei. It is in- 
disputable that bv the ('lemency of their victors portions of the 
three tribes returned to inhabit without let or hindrance limit^ 
areas in the block, and, as the power of the Government gradually 
strongtheniHl in the years following 1840, the Ngatiapa, and to a 
certam extent the Rangitane, who had really been living by the 
siifierance of the Raukawa, commenced to arrogate to them- 
selves the position of owners of the land they were occupying. 
The Muaupoko claim came later. In all cases where through 
the clemency of the conqueror the original inhabitants had been 
allowed even a precarious holding, they, as soon as the reign 
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of law arose, stretched their claim to that of an undisputed 
possession of their lands. The three sections of Raukawa which 
established themselves m the Rangitikei-Manawatu, and Wha- 
tanui’s branch, which occupiefl the land about Horowhenua, 
made a mistake from a territorial point of view when they left 
the original inhabitants to maintain a precarious existence, for 
European ideas and European interference pushed the matter 
eventually to a pit/<^h of injustice The claims of the subject 
tribes through the years following gradually strengthened The 
fighting with the rebels gave them a further claim Armed by 
the Government with rifles, and supplied with ammunition, the 
Ngatiapa assumed an arrogant attitude, until at last the whole 
matter came to a head in the year 1863 In the year 1862 — not 
1866, as Buick, generally so accurate, states — the first Native 
Land Court Act was passed, and (kmrts were set up to ascer- 
tain and determine the tribal ownership of the lauds. As it was 
pointed out at the time, this Act, despite many flaws and many 
weaknesses of detail, was a step m the right direction, as it 
enabled the ownership or crystallized mana of the land to be 
definitely determined before the memory of the truth had passed 
away. To the great disgust of the Manawatu Natives, however, 
the Rangitikei-Manawatu Block, and the Raukawa blocks on 
the West Coast, were expressly excluded from the operation of 
the Act, and a feeling of anger and alarm was thus raised in the 
ever-suspicious minds of the tribes concerned. At the time m 
question the King movement was very pronminced throughout 
the whole of the land ; and a (^ominissioner, who made a tour 
throughout the whole of the land, and in, amongst others, the 
Manawatu district, reported that at Otaki, at Poroutawhao, 
and other settlements, including the Rangitane cultivations on 
the Oroua River, the King party was in a strong majority 
Trouble began to brew, the omy element wanted being a leader. 
This leader was soon forthcoming m Ihakara Tukemaru, a 
Ngatiraukawa chief, who had bis residences at Motuiti and 
Kereru- It was represented to the Raukawa that the reason 
their land was excluded was because the Ngatiapa Tribe was 
selling to the Government, and were claiming the whole of the 
block lying between the Rangitikei River and the Manawatu. 
The discontent grew apace, and was fostered by Ihakara, so 
that it finally culminated in preparations for a fight. The 
Ngatiraukawa, under Ihakara, toge^er with the Rangitane, col- 
lected at Tawharitoa, Ihakara’s pa, to the number of some four 
hundred. The Ngatiapa, who were in a large minority, appe aled 
to tlie Wanganui tribes, who thereupon expressed their intention 
to support them, and they, too, commenced to construct a 
fortified pa on the other bank of the Rangitikei River at Owharoa, 
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close to where Bull’s now stands. Here they hoisted the Union 
Jack and a small red war-flag. 

Dr. Featherston, the then Superintendent of the Wellington 
Province, received mfomiation of the pending fight, and forth- 
with proceeded with Mr (now Sir) Walter Buller to the scene 
of the dispute According to his own account he found affairs 
at a pitch of high tension. Just before his arrival the Nga- 
tiraukawa had danced a war-dance, which was tantamount to 
a declaration of war He first proceeded to their pa, and had 
a long interview with the chiefs He pointed out that the 
Government would severely suppress any hostilities, and would 
treat as murder any bloodshed that took place during their fight. 
He promised to see the Ngatiapa, and suggested that arbitra- 
tion should be resorted to to determine the ownership of the 
lands m dispute. To this the Ngatiraukawas declm(3d to accede. 
‘‘ Kahore,"' said Ihakara , “ the arbitrators must meet in the 
presence of the three tribes The tribes will meet with their 
arms in their hands. Each man will say what he pleases.” 
They had found that arbitration m the past had not proved a 
satisfactory method of settling disputes as to the ownership of 
land, and they firmly declined to have anything to do with any 
such prooeedmg, except in the way suggested. Dr. Featherston 
then suggested as an alternative that the land should go through 
the Native Land (^ourt, or that a division should be made by a 
Government valuer of the land ; but this course was even less 
satisfactory as a proposition than the previous one. This is 
nut to be wondered at, inasmuch as Dr. Featherston suggested 
every difficulty that the coiuse would necessarily imply. Matters- 
thus having come to a deadlock, a suggestion was made which 
I feel sure was the original suggestion that Dr. Featherston had 
in his mind, I refer to the suggestion that the parties should 
sell the block to the Government, and that, instead of fighting 
about the land, they should divide the money in proper pro- 
portions. To this the Raukawa declined altogether to consent. 
Dr. Featherston then, having reiterated his warning, went to 
the opposite cpip and interviewed the Ngatiapa. He put for- 
ward to them, in a half-heart-ed way, the first two propositions 
he had made to the Kaukawa, but they firmly dechned. When, 
however, he approached the sale of the land the Ngatiapa con- 
sented ; and this, I think, confirms the theory which has been held 
by most people, that the Ngatiapa had no real claim in the land. 
They sold to make good their title — just as Solomon’s spurious 
mother consented to the child’s death. Dr* Featherston, how- 
ever, pointed out that he would not buy the land from them 
alone. He did not wish to have any more Waitara Blocks, He 
was, he said, prepared to purchase their interest in the land. 
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Thi8 they at first declined, and matters looked as unpromising 
as before. Eventually, however, as the result of considerable 
exertions, J)r Featherstou arranged with the more active chiefs 
of both parties that the Government should give them the 
sum of £25,000, and that the money should be subsequently 
divided as a tribunal to be appointed should consider fair. The 
consent of the tribe, which lhakara pointed out was essential, 
and the signature of the deed, was left for another tunc The 
threi* tribes having, however, consented so far, it w^as felt that 
hostilities were averted, so bv consent all rents were impounded, 
and Dr Featherstou returned to Wellington, 

During his absence, however, and before the deed was actually 
signixl, steps, and very active steps, were taken to embroil the 
whole matter again A cartoon was the most effective weapon 
used. To quote lhakara, “ The tribe sent a petition to have 
the land investigated in the Court The Assembly refused — 
Kaiongi told me, on account o! Buller and Featherston. I 
replied to Kaiongrs letter, and m return received a caricature 
representing the three tribes as pigs mth Maori heads being led 
and driven by Featherston and Buller.” Tlie Natives were 
also informed that Dr. Featherston and Mr. Buller had been 
instrumental in putting a fence round their lands to fence it off 
from the benefit of the Native Laud Act. The ever-ready sus- 
picions of the Native mind sprang up. Each tribe demurred, 
and so incensed in particular were the Raukawa that tliey 
promptly repudiated the whole deal between them and the Go- 
vernment The position was, to a certain extent, conduced to 
by Mr. Mantell, the then Colonial Secretary, who, in addition to 
flouting the Maoris m every way possible, and discounting the 
work whioh had been done, removed and apparently degraded 
both Mr. Buller, who had been very active in effecting the settle- 
ment, and the then Resident Magistrate, Mr, Noake, 

Dr. Featherstoiu however, with characteristic energ}% was 
not to be thwarted in his attempt to acquire for the Government 
such a valuable asset as the Mauawatu Block, and he accord- 
ingly called together a very large meeting of the Natives, and 
again addressed them on the subject. The meeting took place 
at Scott’s Perry, and was very largely attended by the Raukawa 
Tribe. Dr. Featherston first listened to their grievances. They 
dwelt bitterly upon their being representetf as pigs, also upon 
the way they considered they had boon flouted and betrayed by 
Dr. Featherston, and still more on the exclusion of their lands 
from the provisions of the Act. His reply was on the same 
lines. He pointed but that if they were compared to pigs, he, 
bn his part, and Mr. Bullet, might be compared to sheep 
driven away by the tribes off the land ; that the fact that ait} 
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one should cartoon him in that character would not aflfect the 
attitude he had taken up, even if it should also be pointed out 
what a bad bargain he had made with the tribes He replied 
m detail to the whole of the charges wbicli had been levied 
against him , and, partly through the influence of Mr Bullet 
and partly through a promise to allow the Act to operate over 
the other lands of Raukawa, succeeded in reducing the tribes 
again to a state of satisfaction, with the ultimate result that 
the purchase was eventually allowed and ratified by the whole 
of the tribe with certain exceptions 

T cannot help thinking that here, as so often happens in 
Native matters, the most active sellers were those with the least 
personal estate. This was so even with the Raukawa, and the 
dignified lament of Parakaia te Pouopa breathes the spirit of 
truth • “ Give heed Thus far have I shown kindness to those 
tribes who were spared by ourselves from slaughter by Te Kau- 
paraha Rangitikei, a large block of land, I graciously gave to 
Ngatiapa , Te Huaturanga, a large block of land, I graciously 
gave back to Raiigitaue ; and now these tribes together with 
the (Tovernment come openly to take away my piece remaining ; 
outhouses and the cultivations whence my tribe get their living 
are bemg taken away 

But the land was sold, and the Native Laud Court set up to 
deal with the division of the money and the allocation of reserves. 
The judgment was a lengthy and laboured statement, founded 
upon the evidence of Ngatiapa alone Bummarised, the result 
was a judicial apology for and vindication of Ngatiapa and 
Rangitane, and the diversion to them of a large sum justly due 
to Raukawa if any one This judgment was followed by the 
setting-aside of seventy-five reserves, about 24,000 acres in 
extent, for non-sellers and in part for sellers. 

Such is a short and imperfect sketch of the occupation of the 
Manawatu Block, and the transfer of that block to the Govern- 
ment ; and if we apply to it the priunples we have laid down, 
the injustice of the Manawatu -Rangitikei acquisition stands 
nakedly before us The Raukawas were the real owners of the 
block. Instead of receiving, as they di^ £10,000, the whole 
of the purchase-price should have come to them, leaving to the 
Ngatiapa and Rangitane the limited rights over strictly defined 
areas which they had acquired by the clemency of their con- 
querors This did not suit the Government* In this case, as 
with Horowhenua — an even more monstrous injustice— their 
whole object was to prevent trouble. The turbulent party was 
the undeserving party, but their insistence won the day. A 
threat of rifles and the Government of the day descended from 
their lofty attitude and accepted the Native position, pro^ 



Pakk . — Magmatic Segregation, 


11 


fttitutiiig and their own Court to geoure a convenient 

verdict The blot of Rangitikei-Manawatu will always he on 
the record of the Native Land Court, only surpasssed by that 
of the Horowlienua, the judgment in which reads like one of 
Horace’s finest satires Nor was the Native Land Court oon- 
siatent, and the deadliest comment on the judgment in the two 
blocks referred to is furnished by the same Court’s judgment in 
the Manawatu-Kukutauaki cases. 


Akt. II — Magmatic Segregation xn its Relation to the 
Gemsu of certain Ore-bodus, 

By Professor James Pakk, M.A Jnst.M.E., M A. Inst. M. and 
M. (Lond.), P.G.8 , Director Otago University School 
of Mines. 

{Head before the Otago Institute, 13th September, J9(t4 ] 

Ore- DEPOSITS are of diverse form and composition. They 
are found as true veins, as detached masses, and as members 
of a sedimentary formation, It is now known that their mode 
of occurrence, and, to some extent, their composition and 
form, are determined by the prevailing geological conditions. 

In the past decade a vast mass of facts has been added to 
the literature of the subject, particularly in America, where 
the magnitude of the operations connected with mining has 
afforded great facilities for observation and research. 

The genesis of ore-deposits presents many difficult pro- 
blems, and naturally the literature of the subject is rich in 
theoretical deductions. The introduction of petrographical 
methods of investigation, and the demonstration of the prin- 
ciple of metasomatic replacement, marked a new point of 
departure, and led to a truer conception of the formation of 
ore-deposits than ha*d formerly existed. 

In this investigation we must remember that existing con- 
ditions are but a refiection of the past The agencies that 
built up the crust of the ealrth in its present form are still in 
operation, and still governed by the same natural laws. We 
are living on the edge of a geologic epoch, and if we would 
rightly understand the past we must study the present. The 
occurrenoe of ore-deposits is merely a geologic happening— an 
incident in the tectonic arrangement or the materials forming 
the outer shell of the globe. Recent petrographical investi- 
gation has shown that ore-deposits are always more or less 
intimately connected with igneous rooks. This constant 
association naturally leads to the broad generalisation that 



12 


Trovsncftonx, 


mineral-deposits are genetically connected witii the intrusion 
or eruption of igneous magmas. 

It has been shown by Professor Sandberger und others 
that igneous rocks contain all the constituents of mineral 
veins. Professor Vogt, of Christiania, maintains that the 
belief m a deep-seated inaccessible repository of the heavy 
metals can no longer be sustained.'* Modem geologists, he 
points out, have abandoned the old conception which sup- 
posed that the interior of the earth was an enormously com- 
pressed liquid molten mass of high specific gravity charged 
with heavy metals The composition of the molten magmas 
that have issued at the surface in successive geological ages 
does not favour any hypothesis which assumes the existence 
of a greater proportion of the heavy metals in the barysphere 
than in the upper crust, or lithosphere Referring to the dis- 
tribution of the elements in the earth's crust, Vogt states 
that of the entire earth-crust — including the rocks, sea, and 
atmosphere — oxygen constitutes by weight about one-half, 
and silicon about one-quarter, f The proportion of the other 
elements are, he says, as follows * — 


Alumina, iron, calcium, magnesium, 
sodium, and potassium 

Per Cent. 

10 

to 1 

Hydrogen, titanium, carbon, and 
chlorine 

1 

to 0-1 

Phosphorus, manganese, sulphur, 
barium, fluorine, nitrogen, zirco- 
nium, and strontium . . 

01 

to 0 01 

Nickel, lithium, vanadium, bromine, 
and perhaps beryllium and boron 

001 

to 0 001 

Cobalt, argon, iodine, rubidium, tin, 
cerium, yttrium, possibly arsenic 
and others 

0001 to 0 0001 


In igneous magmas deficient m aoid-forming constituents 
the heavy metals will segregate as oxides during the process 
of cooling, assuming the form of individual crystals, grains, or 
irregular aggregates in small and great masses. 

The petrographical researches of Vogt and Brogger disclosed 
in basic dykes a tendency of the heavy minerals to segregate 
near the borders. The occurrence of massive mineral aggre- 
gates near their borders is a marked characteristic of perido*' 
tites and serpentines in all parts of the globe. 

The most typical examples of magmatic border segregai^on 
are found in peridotite and its serpentinised forms. At pre- 
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sent the laws governijig magmatic differentiation are but im- 
perfectly understood. J3y some border segregation is ascribed 
to molecular flow due to differences of temperature in the 
magma ; by others to convection currents, which it is believed 
would tend to carry the first crop of minerals, such as magne- 
tite, olivine, (fee , to the borders of the igneous magma. 

The writer’^' is inclined to ascribe border segregation to the 
difference of osmotic pressure that must exist m a finite mass 
of magma cooling more rapidly in the borders than in the cen- 
tral portion. 

The. valuable ores that may be considered primary con- 
stituents of eruptive rocks, resulting from direct differentiation 
m the cooling magma, are as follows * — 

(a.) Ciiroinite in pendotite and serpentine. 

(6.) Copper and nickel-iron in serpentine. 

(c,) Platinum metals in highly basic eruptives. 

id,) Magnetite and titanite in basic and semibasic eruptives. 

Cheomite in Pkkidotitb. 

In the South Island of New Zealand there are two moun- 
tain-masses of pendotite m which the magmatic segregation 
of chromite is exhibited on a scale of unusual magnitude. 

A few miles from the City of Nelson, Dun Mountain rises 
to a height of over 4,000 ft. above sea-level. It covers an area 
of about four sauare miles, and is entirely composed of massive 
olivine, m whicn chromite of iron is fairly uniformly dissemin- 
ated in the form of fine grains, but is occasionally aggregated 
in large masses, f The adjacent rocks are slaty sh^es and 
limestone of Jurassic age, the limestone occurring at the 
base of the sedimentary formation. Between the limestone 
and the olivine, to which HochstetterJ gave the distinctive 
name ** dunite,” there is a belt of serpentine, half a mile 
wide. The serpentine contains lenticular- shaped masses 
of chromite, native copper and copper-ores, principally 
ehalcopyrite, with the usual products of oxidation. It also 
contains thin irregular veins of diallage, hypersthene, bronzite, 
enstatite, scapolite, wollastonite, and chrysolite. The larger 
deposits of chromite occur near the borders of the olivine and 
ser^ntine. 

The second great mass of pendotite forms Bed Mountain, 
situated twenty miles north of Milford Sound, in Otago § ^It 

* J. Park, **Oii ih« Oauie of Border Segrsgation in tome Igneont 
Hegnuui,^* Trans. K.Z. Inst., vol. xxxvH, 1006. 

fS. B. Oox, *<01irome-depoiit8 of Kelson,’* New Zealand Geol. 
iU^rte and Bxploraiioas, 18S1, p. 8. 

V. von Hoohstetter, Zeiteobrlft der Beutsohen €leol. 

% vol. nvi, n. 8il. 

i I. Park, K.Z. Qeol. Baports and Bacplosations, 1886*67, p. lit. 
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rises to a height of over 6,000 ft., and covers an area of about 
ten square miles. The mountain is composed of massive olivine 
containing disseminated chromite The latter occurs in much 
greater proportion than at Dun Mountain. The pendotite is 
flanked on two sides by belts of serpentine, which separate it 
from the adjacent slates and sandstones of supposed Palaeo- 
zoic ago Near the contact with the sedimentary rocks it is 
often so highly charged with chromite as to form compact 
bodies of ore No deposits of chromite are known in the 
serpentine, but they may possibly exist, as the country is still 
practically unexplored , 

Nickkl-iron. 

The sands in the streams which dram the Red Mountain 
serpentine area yield small quantities of the rare nickel-iron 
alloy awaruite. discovered by 8key in 1886,*' and afterwards 
found %n situ in the serpentine i 

Since the discovery of awaruite nickel-ore alloys have been 
found in several places, most notably in gold-bearing sands 
associated with chromite in Elvo River, Biella, Piedmont, 
Italy ; m sands derived from serpentine in Josephine County, 
Oregon ; in the Fraser River, British Columbia, associate 
with chromite ; and in Smith River, Del Norte County, 
California. 

OOPPKR. 

The association of copper and chromite in the serpentines 
at Dun Mountain has already been mentioned. Native ooppet 
is found in serpentine in Cornwall, New South Wales, New 
Caledonia, and other parts of the world. 

Large masses of native copper associated with ailver are 
found in araygdaloidal diabase at Lake Superior. 

In 1879 Professor S. H. Cox| discovered in the Manukau 
district a number of dykes of andesite which near their borders 
were found to contain small scattered grains of native copper. 
The dykes are intruded in volcanic breccias of probably 
younger Miocene age. 

Platinum-metals. 

Platinum has only been found in a few oases in the matrix 
in situ. In the Ural Mountains it occurs as grams in perido- 
tite, serpentine, and olivine-gabbro. The bed-rock of the 


* W. Skey, Trans. N.Z. Inst, vol xxili, 1885, n 401. 

A V 9? Discovery, Mode ol Ooourretioe, and Die- 

trlbution of the Nickel-lron Alloy Awaruite on the Weet Coast of the 
8<mta Island of New Zealand,** Quart. Jour. Gieol 8oc. London, vol. xlvl, 
p» 81 . 9 # 

i 8. H. Om. ‘‘^ology of 0»p« Bodney,” N^. Gaol. Report# and 
Bxplotatiana, 1879-80, p. 27. 
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Yyzaj and Kaiva Rivers, on the western flanks of the Urals, 
consists of olivme-gabbro containing disseminated grams of 
platinum, but not apparently m payable quantities. An 
ohvme rock was discovered in 1898 at Goroblago-datsk, on 
the western side of the Urals, containing chromite and pla- 
tinum, the latter at the rate of I4dwi. 9gr to the ton of rock 
Since tlie discovery of platinum in the nickel-copper sul- 
phide ore at Sudbury, in Canada, careful analysis has dis- 
closed the presence of the metal m minute quantity m many 
sulphide ores throughout the world But m this and all 
cases where platinum occurs in sulphido-beds or m veins, its 
occurrence is probably not the result of direct magmatic segre- 
gation 

Ebuptivb Phockssbs. 

The impoitance of the role played by igneous rocks in the 
formation of oi e-deposits has been specially urged in late 
years by Professor Vogt,** of Christiania ; Professor Kemp,+ 
of New York ; Professor Sues84 of Vienna, and more recently 
by Waldemar Lindgi'en§ and W, H. Weed,1’ of the United 
States Geological Staff. 

Vogt directs renewed attention to the close relationship 
existing between ore-deposits and eruptive processes. Ore- 
deposits which are generally connected with eruptive magmas 
are grouped by him into two principal classes, as under • — 

(1,^ Ore-deposits formed by magmatic segregation. 

(2.) Ore-deposits formed by eruptive after-actions. 
Ore-deposits belonging to the first group are infrequent, 
and therefore economically subordinate in importance to those 
of the second group. They include, according to Vogt, — 

(a.) The occurrences of titanic-iron ores m basic and semi- 
basic eruptives ; 

(6.) Chromite in peridotite ; 

(c.) Sulphide deposits, including the niokeliferous pyrrho- 
tite of Sudbury, in Canada ; 

(d.) Platinum metals in highly basic eruptive rooks ; 

(e.) Copper and metallic nickel-iron in serpentinised peri- 
dotite. 


•Prof. H. L. Vogt, “Problems In the Origin of Ore-depoaits,** 
“ The Geneds of Ope-depoaita/’ 1901, p* 086. 

1 7. F. Kemp, ** The R6le of the Igneous Rooks in the Formation of 
Veins,*’ toe. p. 681 : also Trans. Amer. Inst. M.E., vol. xxxtx, 1902, 
p. 681. 

t Prof. BdwaidBuetti, Leoture, Royal Geographical Journal,** vot. xx, 
1909 , 1 . 690 . 

I Waldemar Lindgren, “Oharaoter and Genesis of oertain Oontsot 
Bepostts,'* ** Genesie of Oee-depoalts,’* 1901, p. 716. 

H W, B. Weed, “ Ore^oposits near Igneous Oontaots,** Trans. Amer. 
Init. H.K., vol. gxxiii, 1908. 
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' That sulphides can be segregated from oruptiv^ magmas 
in the first concentration has >et to be proved , ana it is still 
doubtful how far Vogt’s conclusions respecting the occurrence 
of sulphide ore as products of primary segregation from 
molten magmas are admissible. 


Akt. III. — Contact Meiamorphtsin tn its Belatwn to the 
Genesfs of curiam Ore-deposits 

By Professor James Park, M \ Tnst.M K , M Inst.M. and 
M. (Lond), F G.S , Director of the Otago University 
School of Mines, New Zealand. 

[Bead before the Otago InstUute, 13th September ^ 1904,] 


A MOLTEN magma tends to effect changes in the rooks with 
which It comes m contact In the case of overflow magmas 
the thermal changes are generally trifling, and in many cases 
hardly appreciable Even magmas that have cooled in rents 
in sedimentaries at shallow depths have not always caused 
great changes in the enclosing rock. 

The greatest alteration will naturally take place in the case 
of magmas that do not reach the surface, out cool slowly 
under great pressure. The greater the mass of the intrusive 
magma, the slower will be the rate of cooling ; and the 
slower the rate of cooling, the longer will the adjacent 
rocks be heated The rate of cooling will be mainly de- 
pendent upon the mass of the intrusion, the distance from 
the surface, and the relative thermal conductivity of the ad- 
jacent rooks. 

The changes effected in the country rock by the intrusion 
of an igneous magma will be mechanical and hydrothermal. 
The intruded sedimentaries will be compressed, Iteut, and 
more or less shattered and fissured along the line of in- 
trusion. The magma will part with its heat hy slow radiation 
into the adjacent rocks. The magmatic steam and gases, to- 
gether with the gases generated in the sedimentaries,’*' will 
pass into and permeate the latter, and cause a molecular re- 
arrangement of the constituent minerals, resulting m what is 
termed contact metamorphism As the igneous magma and 
the heated sedimentaries cool they will contract m area, and 
when the temperature normal to the depth has been reached 


Professor iloseph Barrell ha« shown that the heat of an Igneous 
mass acting upon sedimentaries liberates enormous volumes of steam 
and gases, attended by a shrinkage of volume of the rooks and tibe 

^ Oontaot Meta- 

morphism,*' Am. Jour, Soi., vo). anii, April, 1902» p* 279. 
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the ctjgtraction will tend to cause the two rocks to shrink 
from olch other, resultiug in the formation of cavities along 
the line of contact. 

Above a temperature of 365^ C and a pressure of 200 
atmospheres, water and all more or less volatile corn pounds 
will exist as gas. Aqueous vapours above the critical tempera- 
ture and under great pressure will act as strongly upon the 
cooling magma as upon the adjacent rocks They will possess 
a solvent power which will be greatest at the depth wlieie the 
highest temperature and pressure are reached The pressure 
will cause the heated steam end gaseous emanations carrying 
the heavv metals to permeate the bedding planes of the sedi- 
mentanes, and fill all accessible cracks and fissures. In this 
way bed* impregnation may he effected, and even ore-bodies 
formed at points some distances from the genetic eruptive 
magma. A decrease in the temperature and pressure will 
cause the least soluble substances lo deposited ; and as 
the temperature and pressure continue to diminish, the dis- 
solved substances will be thrown out of solution in the in- 
verse order of their solubility It is manifest that the later 
phases of the eruptive after-actions will represent in a modi- 
fied form the waning effects of solfatanc action. The deep- 
seated conditions will also favour the action of metasomatio 
processes in the isone of metainorphism, and veins will be 
termed, some of which may rise to the surface. It is probable 
that the circulation of the heated mineralised solutions in 
the later phases will tend to effect a redistribution of the 
ores and minerals <ieposited m the earlier stages. In some 
oases the ascending waters and gases may reach the zone of 
surface circulation and mix with the meteoric waters, which 
will then reappear as hot springs, forming ore -bodies and 
veins not directly in contact with the eruptive magma 

Weed and some other writers have made an attempt to 
subdivide contact- ruetamorphic deposits into groups depend- 
ing mainly upon the mode of occurrence But the form and 
mode of distribution may be duo to accidents of density or 
porosity, composition and hydrous condition of the rocks 
affected, rather than differences in genetic formation. More- 
over, the mass of the magma, the weight of superincumbent 
rocks, the amount of heat and subsequent contraction, and 
phase of the after-action are all doubtless contributing factors 
in connection with the form and distribution of the heavy 
metals. Masses of ore occurring as contact deposits, fissure* 
veins, and bed-impregnations in the zone of metamorphism 
may all be traced to the same genetic causes. 

Professor L. de Launay, of jParis, supports the views of the 
^ooi of Do Beaumont and Daubr^e in respect to the primary 
influence of volatile xnineraliserB emanating from eruptive 
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tuagmas The emanations, he contends, must have prepared 
the way by introducing into the enclosing rocks, or simply by 
depositing in the vein fissures, elements such as sulphides, 
fiuonnes, chlorides, &c , which, subsequently dissolved anew 
by the circulation of superficial waters, have reinlered the 
latter essential aid in the processes of alteration * 

The extent of contact inetamorphism effected by the 
granite intrusions of Albany, in New Hampshire, was fully 
investigated by Hawes f His analyses showed a progressive 
senes of changes in the schists as they approached the 
granite The rocks are dehydrated, bone and silicic acids 
have been added to them, and there appears to have been an 
infusion of alkali on the line of contact. He regarded the 
schists as having been impregnated by hot vapours and solu- 
tions emanating from the granite. 

Contact deposits frequently lie at the boundary between 
the eruptive and the country rock ; also at variable distances 
from the eruptive, but never outside the zone of metamoi- 
phism More particularly, contact ores occur in limestones, 
marly and clay slates, and aie accompanied by the usual 
contact minerals, garnet, vesuvianite, scapolite, wollastonite, 
augite, mica, hornblende, &c., and m clay-slate by chiasto- 
hte, &c Contact ores are principally magnetite and specular 
iron, but sulphides of copper, lead, and zinc often occur. 
Pyritic contact deposits are typically represented by those of 
Vegsnas, in Norway ; Kio Tmto, Tharsis, and San Domingo, 
in ^ain. 

The pyritic ore-mass in Mount Lyell Mine, in Tasmania, 
IB generally described as a contact deposit, although its 
geologic occurrence does not strictly conform to the common 
definition of such a body. It is a boat-shaped body lying 
between talcose schists and conglomerates.! The mine- work- 
ings have shown that it gradually tapers downwards from the 
outcrop, being out off below by a great thrust-plane. There 
aie no eruptives in actual contact with the ore-body, but 
dykes of diabase and other igneous rocks occur in the district 
at no great distance. The existence of these dykes and of 
bands of schist impregnated with sulphides forming fahikands 
would lead to the belief that there at one time existed chan- 
nels of communication leading from the eruptive rocks to the 
vein cavities. It seems probable that the ore-bodies in the 
Mount Lyell field were formed in the later or solfatanc stages 
ot eruptive after-actions, 


*L. de Lsunay, “The Oeneela of Ore-depoalte/' 1901, DUfmesiem, 

p. 616, 

fG. W. Hawes, Amer. Jour. Soi., vol, xxl, 1881, p, 21. 

{ Prof. 3. W. Gregory, “The Mount Lyell Mttdnff Piald/' Traas. 
Auet, Inst. Min. Bng., vol. i, part Iv, My 1904, p. 981/^ 
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Among ore-depoBits genetically connected with eruptive 
after-actions Vogt'* includes cassitonte and apatite veins and 
ore -deposits of contact -metainorpbic zone." Cassiterite 
deposits are everywhere connc^cted with acid eruptives, princi- 
pally granite, and occasionally quartz-porphyry and rhyolite. 
Partly for this reason , and partly because of the characteristic 
paragenesis of fluoride, borate, and phosphate minerals, he 
supports the common view that tin-deposits are genetically 
connected with granitic eruptions, and that various volatile 
fluorides took part in their formation. Cassitente veins were 
formed, he thinks, by pneumatolytic processesf — that is, by 
the action of gases and water at high temperature and pres- 
sure. lie further urges that they were formed immediately 
after the eruption, and before the cornpiete cooling of the 
granite, one proof of which is the occurrence of tin-vem 
minerals in veins of pegmatite in the granite 

Cassitente veins are admittedly independent of the imme- 
diately adjacent country rook, and for this reason seem to be 
more nearly related to deposits of magmatic segregation than 
to oontact-metamorphic deposits 

It is probable that the magmatic segregation of chromite 
in peridotite was in some cases effected by pneumatolytic 
agencies before the complete cooling of the magma. It is not 
uncommon to find chromite in vem-like masses that have the 
appearance of having been segregated in cavities of contrac- 
tion in the pasty magma As the agency of underground 
water cannot have been active in this class of ore-deposit, the 
aggregation must have been effected by metal-bearing steam 
and gases occluded in the igneous magma. 

Pegmatite veins, while genetically connected with granitic 
eruptions, seem to be of later formation than the cassiterite 
veins. They often pass into quartz, and frequently possess 
sharp well-defined walls, which suggest their formation in 
shrinkage-oraoks by pneumato-hydaiogenetic agencies in the 
waning phases of the after-actions developed by the pro- 
gressive cooling of the eruptive niagma. The different phases 
of after-action must necessarily merge into each other, and 
hence we may expect to finely as we do, tin -vein minerals and 
even cassiterite in veins of pegmatite. 

Among ore-deposits of contaot-metamorphio origin Vogt 
includes the ore-bodies which occur within the metamor- 
phosed contact zone of deep eruptives, espeoially granite. He 
distinguishes several types of contact deposit The Ghris- 


* H. t. Vogt, Genesis of Ore-deposits,” Ntw York, 1901, 
p.686, 

f ** Pttetuaatolysls ” is a term first used by Bunsen to describe the 
combined action of gsees and water. 
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tiania type includes iron-ore deposits that appear to have been 
formed before the solidification of the granitic magma. These 
ores are never found in the granite, but always m the ad- 
jacent rocks. If they had been introduced after the cooling 
of the magma they would also have been deposited in the 
granite. The eruptive magma is believed to be the source of 
the metal, which is expelled in the heated steam into the 
surrounding rocks 

The synthetic experiments of Daubree seem to justify the 
views of Vogt, Beqk, and other observers that cassitente and 
pegmatite veins aie formed by gaseous and aqueous emana- 
tions, and not by direct segregation. 


Art IV. — Thermal Activity in its lielatwn to the Genesis 
of certain Metalliferous Veins 

By Professor James Park, M.A.Inst.M.E., M.Inst.M. and 
M fLoridon), F G.S., Director Otago University School 
of Mines. 

{Head before the Otago IBih September^ 1904.} 

It is manifest that the whole senes of eruptive after-actions 
will commence at the moment of intrusion of the magma, and 
continue until the igneous mass has become completely 
cooled. 

Igneous magmas are now admitted by petrologisis to con- 
tain more or less water together with many constituents of a 
hydrous oi gaseous character Hence the fusion of magmas 
is not believed to be pyrogenetic — that is, the result m dry 
heat alone— 'but hydato-pyrogenetic— that is, fusion by heat 
in the presence of water. 

According to Arrhenius’^ water renders the magma more 
liquid. It has been shown by experiment that magmas which 
require a temperature of 3,000° Fahr. to produce dry fusion 
can be fused in the presence of water at 600® Fahr Accord- 
ing to the same distinguished physicist water in a rock 
magma acts the part of an acid, liberating free silicic acid 
and free bases. 

The activity of water at high temperatures is very greftt. 
Barust has shown that water heated above C. attacks 
the silicates composing soft glass with remarkable rapidity; 
and Lemberg has proved experimentally that water at a 


- Svante Arrheniw, “ Zur Phygik dee Vnlkankintis,” Qtol. PCren, 
Poth., Stockholm, 1900, 

to. Bam, ‘‘Hot Water and Soft Glaie in tkeiv l?kamu>dyiiaiifio 
Belatlons,” Am. Jour, Soi, iv, vol. ix, 1900, p. 161, 
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temperature 210^ C. slowly dissolves anhydrous powdered 
silicates. It is probable tliat at great depths the pressure 
will be sufficient to hold the water m the form of a liquid in 
a superheated condition.*’ At high temperatures both water 
and steam possess a great capacity for dissolving mineral 
substances. 

SOLFATARIO— l.e., FOKMED MV ThEHMAL SOLUTIONH AIDED BY 
Steam and Gases. 

It is well known that during and after volcanic eruptions 
there are emitted enormous volumes of steam, also hydrogen- 
sulphide, sulphur-dioxide, carbon-dioxide, as well as com- 
pounds of chlorine, fluorine, and boron These gaseous and 
aqueous emanations come from the same source as the igneous 
magma, accompany the magma in its ascent, and may pos- 
sibly be one of the contributing causes of the eruption. 

Voloanic phenomena can be studied m many parts of the 
world, but perhaps nowhere with more advantage than in 
New Zealand. In the volcanic region of the North Island 
there are tiiousands of square miles m which volcanic activity 
can be seen in every stage and phase ; there are active, 
intermittent, and extinct volcanoes, besides innumerable 
geysers, fuinaroles, and hot springs, active, decadent, and 
dead. The active and intermittent volcanoes discharge 
their lavas and fragmentary matter from single pipes, or 
from lateral vents apparently connected with the main pipe, 
and from fissure rents. The volcanic eruption at Botoma- 
hana in 1886 was from a fissure rent over six miles in length, 
extending from the summit of Mount Wahanga southward 
into the basin of Lake Botomahana, and thence across the 
rhyolite plateau to Lake Okaro.t The whole length of the 
rent was the scene of great activity for some weeks after the 
first great outburst The geysers, hot springs, and fumoroles 
occur in isolated groups, Or along a line of fissure which often 
runs along the floor of a valley, or lower flanks of a range of 
hills. The geysers deposit siliceous and calcareous sinters, 
mostly the former ; and the fumaroles native sulphur. Every- 
where the air is pervaded with the smell of sulphur-dioxide. 
The Bolfataric action is active, waning, or dead. With the 
latter the vents are closed up by crustifioation. Where the 


* 0. H. van Else, Some Ptlnoiplst oontrolUng the Deposition of 
Oree,'* Trane-AtnerloAii Instttuie of Hicnng Engineerii, voK zxx, p. 27. 

t (I.) Sir Jamani Eootor, On tb<i Heoent Voloanio Eruptions at Tara^ 
wera,** N.Z. Heports of Geol. Bxplorationi, lS86-<e7, p. 248 (2.) S. Pwv 

Smith, The Eruption of Tarawora,*’ WeUington, 188®, (8.) Prof. F. W. 
Euttop, ** {ieport on the Tarawera Volcanic District,*^ Wenington, 1887. 
fi) Prof. A. P* !&omas, **Beport on the Eruption of Tarawera,’’ Wel- 
lington, 1S88. 
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hot springs overflow on the surface they form thick, mush* 
rooin-sliaped mounos of silica The silica is soinetinies soft 
and porous, and often dense, hard, and chaicedonic In all 
cases the hot springs and geysers are grouped around the 
volcanic vents, and along fissures in lavas near the point of 
emission. The waters range from strongly alkaline to acid , 
and at Kotorua alkaline and acid springs exist side by side. 
The ascending deep-seated waters are stronglv alkaline , while 
the source of the acid waters is the superficial deposit of 
pumice which overlies the rhyolite. The puimee in some 
places contains disseminated iriarcasite pyiites, and where 
the alkaline waters come in contact with the pyrites they 
aie oxidized and reach the surface eitluu neutral or acid, 
according to the degree of oxidation 

In the Hauraki gold-mining area, which adjoins the 
northern end of this volcanic region, the country rocks consist 
of a vast pile of andesitic lavas, tufis, and breccias of younger 
Tertiary age, resting on slaty shales and greywacke of pro- 
bably Tnassic age. The gold-bearing veins traverse both the 
andesites and tuffs, but are only productive in the former. 
They are fissure-veins , but, strictly speaking, they do not 
conform to the usually accepted definition of a true fissure- 
vem, since they are generally confined to the igneous- rock 
formation. Near the borders of the andesites the veins are 
small and unimportant, and generally die out when they reach 
the underlying basement rock On the other hand, the larger 
and more productive veins are grouped around the old vents, 
and there seems to be no reason why they should not descend 
to great depths. In opposition to this view Professor Beck**' 
states that it is inconceivable that mineral deposits could bo 
made from solutions at great depths. The country rook on 
the walls of the ore-veins is propyhtised to a moderately hard 
grey rock. When two or more veins run parallel with each 
other, as they do in all the Hauraki mining centres, the 
country rock between the veins is often entirely altered, or 
propylitised. 

In the Thames district the distance between the numerous 
parallel veins which traverse the goldfield seldom exceeds 
200 yards, and in almost every instance the veins are sepa- 
rated from each other by a narrow belt of hard unaltered 
andesite. These hard bands, or ** bars " as the miners term 
them, possess the same general strike and dip as the veins, 
and in cross-section present the appearance of lenticular and 
hourglass - shaped masses They vary from a few feet to 
30 yards in width. The country rock has been found to be 
propylitised down to a depth of nearly 1000 ft. below sea- 

• prof. Beck, “ Lehre von den ErsOagerstatten,” 1901, p. 189. 
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level, which ib the greatest depth reached bv mining opora- 
lionB up to the present tune The propylitisatxou of the 
andosuoB is not widespread, but confined to small areas 
grouped around the old volcanic vents Awa\ fiom the 
eruptive centres the andesites have siifleied surface-decom- 
position, nut are not pronyhtised Th(3 propylitisation was 
apparently effected hy the fissures, which are now veins, 
having served as channels for the circulation of tlie hot 
mineral waters From these fissures the waters acted on the 
rook on eacli W'all, and where the fissures were near each 
other the metasoraatic processes operating fiom one fissure 
met those coining from the other. Where the processes of 
alteration did not meet, narrow irregular sheet-like masses of 
unaltered rock — the “ bars " of the miners ~ w^ere left between 
the vein fissures. 

At Waihi and surrounding districts the veins are chiefly 
composed of ehalcedonic or micro-cry stalhne quartz, possess- 
ing all the chaiacteiistics of solfataric origin. Some of tlie 
larger lodes can he traced on the surface foi a distance of 
16,000 ft., hut the length of the majority is under 5,000 ft. 
Besides veins having linear extension, there are many huge 
musiiroom-shaped masses of ehalcedonic quartz, closely re- 
sembling in form the siliceous deposits now forming in the 
volcanic regions around Rotorua and Lake Taupo. 

Ac Kuaotunu and Great Barrier Island there are many 
mushroom-shaped deposits of ehalcedonic quartz of great size, 
in some cases covering hundreds, in others thousands, of 
acres. At Kuaotunu they are more or less circular in shape, 
and seldom exoeeii 20 ft. m thickness 

At Great Barrier Island the largest deposit is of an unusual 
character,*^' It is nearly two miles long, half a mile wide, 
and from 60 ft. to 700 ft, thick. The pipe is completely filled 
with mineral matter. It has been intersected m four mines 
in a distance of a mile, and opened up by levels for many 
hundreds of yards. It vanes from 12 ft. to 40 ft. in width, 
and is filled with veiy dense banded ehalcedonic quartz, m 
w^hioh iron and silver sulphides are sparingly distributed. 
The evidence furnished by the mine-workings implies that the 
overlying mushroom or umbrella of quartz was deposited on 
the surface from thermal water issuing from a long fissure or 
rent in the andesite. 

The molybdenite deposits at Jeff's Camp, in the Hodg- 
kinson Goldfield, in Queensland, are described by W. E. 
Cameron t as roughly circular or oval-shaped outcrops of 

* 3 , Park, Geology and Veins of Hauraki Goldfields,’* Trans. 
N,Z. Inst. Min. Bng., voL i, 1697. p, X37. 

t Walter B. Oameton, ** Wolfram and Holybdenite Mining in Queens- 
land/* Geoi. Survey Report No. 188, Briebane, 1904, p. 7. 
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quartz, or “blows/' carrying wolfiam and native bismuth. 
The “ blows" when followed down develop into irregular pipe- 
ehaped masses surrounded on all sides by granite, which is 
the country rock When the quartz is extracieii there remain 
only empty pipes or vents These pipe-hke bodies possess 
a peculiar genetKMnterest They appear lo closely resemble 
the siliceous pipes formed m rhyolite by the hot springs 
m the Rotorua volcanic region, and the mushroom - shaped 
quaitz blows at Kuaoturiu. 

There are near Waihi in New Zealand several massive 
deposits of chalcedonic quartz which are stated by Rut ley to 
be replacements of the andesitic country rock 

A similar renlacement of andesite by silica is described by 
Spurr as occiunng at Monte Cristo district in Washingtott.t 
He mentions that the sihcification has proceeded until most 
of the rock ns made up of quartz, which, he says, varies from 
coarsely to very finely crystalline in structure, and contains 
sulphides, chiefly blende, pyrites, and chalcopyrite. Spurr 
continues, “ Thus we have a complete and gradual transition 
from andesite to a sulphide ore with quartz gangue, by the 
progressive replacement of the original materials by silica and 
metallic sulphides " 

In 1894 and 1896 I made an exhaustive examination of 
the Hauraki andesites for gold and silver The samples sub- 
jected to examination were selected by myself in situ. The 
analyses were conducted by the cyanide test, on samples 
ranging from 21b. to 51b in weight Tiie pulverised material 
was leached in glass jars with a 0 8-per-cent, aqueous solution 
of pure potassium-cyanide for seventy-two hours. The cyanide 
solutions and washings were evaporated, fluxed with a little 
pure litharge and borax, and the resulting button of lead 
cupelled Simultaneous tests were made so as to check the 
purity of the litharge and fluxes All the andesites examined 
were found to contain gold at the rateof Igr. to l‘5gr. per ton, 
and silver varying from 8gr. to 80 gr per ton of rock. The 
augite-andesite, at 3,000 ft from che mouth of the Monnataiari 
tunnel, contained 1| gr. of gold and 3 gr. of silver to the ton ; 
and the hypersthene-augite-andesite, from the waterfall in 
Waiotahi Creek, near the Fame and Fortune Mine, 11 gr. of 
gold and 30 gr. of silver. J 

A petrological examination^ of the rocks showed that the 


^ F. Rutley, “Notes on Rhyolites of the HauraM OoM* 

neids,*' Quart. Jour. Geoh Boo , London, 66 , 1899 . 

t i’ V*®' Twenty. second Annual Report, p. $83. 

-V. snd Veins of Hauraki Goldfltlds/* Trans. 

N.Z. Inst. Min. Eng., 1897, p. 62. 

Andesites from the Thames Goldilolds,** Tj«ins. 
N.Z. Inst., vol. aoptiv, p. 486. 
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feldspars and pyroxenes sometimes showed signs of alteration 
The samples were selected Aroiii the least^altered locks obtain- 
able, and m no case did they contain visible pyrites. 

The evidence is by no means conclusive that the gold and 
Silver are primaiy constituents. Whatever the source of the 
gold may be, I am inclined to agree with Percy Morgan'" that 
the quantity of gold and silver in the veins is too great to be 
accounted for by the traces existing m the andesite. 

Dr. J. B Don, I in the preparation of his excellent thesis 
on “ The Genesis of certain Auriferous Lodes,” made an in- 
teresting examination for the prcvsence of gold m tue andesites 
and propylites of the TOanies Goldfield He states that his 
tests weie made upon the concentrates obtained from large 
samples, by the method of crucible fire assay. His results, 
iu the case of the unaltered andesites, were negative, from 
which he concluded that these rocks contained no gold. The 
question that will naturally suggest itself to the mind of tbq 
luetaliurgicai chemist, accustomed to the estimation of m- 
huitesimal quantities of gold in cyanide solutions and residues, 
will be, is the method of crucible or pot assay capable of 
euiiicient refinement to indicate the presence of gold in the 
proportion of a grain or two to the ton of rock ? 

My early rests of the Hauraki ondesBes m 1894 were made 
by the crucible-assay method. The results, however, were 
orten discordant and unsatisfactory, chiefly on account of 
the many sources of possible error inherent to the method — 
errors that ii w’as found impossible to entirely eliminate. 
Believing that trustworthy results could not be obtained by 
the pot assay, 1 adopted a method of leaching the pulveiised 
rock with dilute solutions of potassium-cyanide. By this pro- 
cess larger samples could be tested than by fire assay, and 
the possible sources of error were reduced to a minimum. 
The crucible assay is clumsy, laborious, and, in my experi- 
ence, incapable of the refinement required for the estimation 
of minute traces of gold even in the hands of the most skilful 
manipulator. 

Luther Wagoner,! of San Francisco, who in 1902 made 
a number of tests for gold and silver m sea-sediments, sand- 
stones, syenite, granite, basalt, diabase, &c., by the cyanide 
method used by hie in 1894 and 1896, arrived independently 
at the same conclusion. Discussing the assay of rocks, be 

* Peroy Morffun, ** Notes on Geology, Quartz Beefe, and Minerals 
of Waihi Goldfield,’* Trans. Anst. Inst. Min. Eng., vol. ylii, 1902, p. 164. 

t J. B. Don, *^The Genesis of oettain Auriferous Lodes," Traua. 
Am. Inst. MIm Eng., vol 1698, p. 664. 

f Luther Wagonerv **The Detection and Estimation of Smell 
Queniities of Gold and Silver," Trans, Am. Inst. Min. Eug., vol. xxxi, 
1909^ p, 
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Bays,^ “ The statement of Dr. Don that country rocks can 
be assayed by panning down a quantity and assaying the 
residue has been tested, as well as the statement that pyrites 
must be present m order to find gold , and iny experiments 
show that both statements are incorrect — or, at least, not in 
accord with mv experience.’* 

At Te Aroka, near the northern boundary of the central 
volcanic region, there are m the andesites hot springs ; 
twenty-five miles distant, soda-water springs; and at the 
Thames, ten miles further north, gas springs which discharge 
enormous volumes of carbon -dioxide. 

In the mines in the north end of the Thames Goldfield 
the GOa issues with great force from Cracks and fissures in 
the rocks The mine- shafts are situated near the foreshore, 
and descend to depths varying from 500 ft to 900 ft. below 
sea-level In close muggy weather in summer, with a low 
barometer, the gas rises in the mines, and, flooding the 
workings, drives the miners before it Sometimes the gas 
rises up to the top of the shafts and overflows at the surface. 
Notwithstanding the special precautions employed to effect 
ventilation and to warn the men of danger, several fatal acci- 
dents have taken place in the past thirty years. 

In the Big Purnp shaft the CO 9 escapes with such force as 
to cause violent boiling all over the surface of the water in the 
well. The depth of the shaft is 640ft , but the workings are 
flooded up to the 500 ft level, in consequence of which the 
gas escapes against a head of 150 ft., equal to hydraulic pres- 
sure of 66 lb. to the square inch The commotion at the 
surface of the water at the 600 ft. level is caused by the escape 
of the gas which is not dissolved by the water. The pump 
has been raising water from this shaft for over a quarter of 
a century at the rate of 750 gallons per minute. The water 
is so highly charged with gas as to often cause trouble in 
working the pumps 

At Waihi, Kuaotunu, and Great Barrier Island there are 
huge veins of quartz, mostly chalcedonic, many of which 
are still capped with wide mushroom-shaped quartz blows.^* 

The evidence favours the conclusion that the propylitisa- 
tion of the andesites and formation of the lodes were the 
result of hydro- thermal action. 

Posepnyl mentions the remarkable occurrence of tree- 
stems changed to galena in the Vesuvian Mine, Freibung, in 
Bavaria. In these the fibre and annular rings can be easily 
recognised, being extremely plain on polished surfaces. In the 
tuff- beds associated with the gold-bearing andesites masses 

• Loc. ciLt p. 808. 

f Prof. Frana Poaepny, “The Qeneda of Ore depoeite,” 1901, p. 189, 
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of wood partly or wholly ailicihed aiid spangled with nests 
and veins of iron-pyntes are of common occurrence through- 
out the Hauraki region. 

The Martha Lode and its numerous ramifying branches, 
the Siiverton, Union, and Amaranth Lodes, at Waihi, are all 
contained in an area of about a square mile The huge lodes, 
wide isones of sihcified andesite, and extensive propylitisation 
of the andesite, prove that Waihi was an area of intense 
hydro- thermal activity some time prior to the eruption of the 
later rhyolite -flows which now form the plains and wrap 
around the isolated outcrops of andesite containing the 
Martha and Siiverton veins. The propylitisation has already 
been shown by the Waihi Mine workings to extend to a depth 
of nearly 800ft. below present water-level —that is, some 
500 ft. below sea - level. Obviously the alteration of the 
andesite was due to the action of ascending and laterally 
moving thermal waters. 

At Thames and Coromandel some of the most productive 
veins do not reach the surface of the enclosing rook, and the 
mine- woi kings at Waihi have disclosed a similar feature in 
connection with a few valuable veins in the Waihi Company's 
property.’^ 

In 1888 Captain F W Hutton, as the result of a petro- 
graphical examination of the Thames Mining District, con- 
cluded that the veins were of hydro-inermol action. 1 

T. A Bickard, a well-known American geologist who ex- 
amined the same goldfield in 1891, when discussing Professor 
Posepny’s paper on “ The Genesis of Ore-deposits, ” describes 
the charactenstic features of the district with the view of 
adducing additional evidence of the association of thermal 
springs and later eruptive rooks | He states that his ex- 
amination of the ore-occurrences and vein-structure, though 
incomplete, led him to conclude that the deposition of the 
gold and its associated minerals had followed certain lines of 
altered country rock which had been exposed lo the effects of 
dying but lingering solfataric agencies. 

Ohakawai Cinnabar Di^posits. 

The Ohaeawai Hot Springs quicksilver deposits, on the 
mainland some distance north of the Hauraki Peninsula, are 

* P. 0. Morgan, Notas on the Goology, Quartz Beefs, and Minerals 
of the Walht Goldfield,'' Trans. Anst. luetitute of Mining Engineers, 
vol. viii, lOOSj®. 16$. 

t F. W. ** On tbe Books of the Hauraki Goldfields,*’ Trans. 

Aust. Assoo. Adv. Soi., vol. i, 1888, p. 246, and ** Source of Gold at the 
Thames,** N.a. Journal of Soienoe, Vol. i, p. 146. 

t T. A. Biokard, ** The Genesis of Ore-deposits," Discussion, Kew 
York, 1901, p, 292. 
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of great importance on account of the evidence which they 
furnish in connection with the genesis of solfataric ore- 
deposits 

The basement rooks consist of marly clays ana greensands 
of Lower Tertiary or Upper Cretaceous age, which are covered 
with flows of basalt and beds of scoriae li is agreed by all 
geologists that the basalt constitutes the youngest rock-forma- 
tion in the district The surrounding country is studded with 
old craters, and there is everywhere evidence of former intense 
volcanic activity. 

The hot springs aiound which the quicksilver-deposits are 
clustered ai'e situated about two miles south-east of Lake 
Oinapere, which itself occupies the site of an old crater 
They occur along the edge of a flow of basalt, w’hich is over- 
lain at this point by deposits of calcareous and siliceous sinter 
and solidified siliceous and carbonaceous muds, through whieh 
sulphur and cinnabar are finely disseiiimaced. There are also 
deposits of pyrites with or without cinnabar, in some oases 
containing traces of both gold and silver. • The sinters alto 
contain gold and silver 

The ground around the springs is generally very hot, and 
all attempts to develop the quicksilvei -deposits have been 
frustiated by the large volumes of hot water encountered at 
shallow depths below the surface. 

The district has been examined at different times by Cap- 
tain Hutton, Sir James Hector, A. McKay, and the author; 
but the best description is that of Andrd P Griffiths, who con- 
ducted extensive prospectmg and mining operations there in 
1896 and 1896. The mining operations and borings disclosed 
many important details which could not be gathered from a 
surface-examination. 

The iron-pyntes occurs in masses near the basalt, and also 
filling cracks and fissures in that rock. The thickness of the 
pyritic masses varies from Sin to 3 ft., but their other dimen- 
sions ere extremely irregular. Close to the pyritic masses 
there is a hard white siliceous sinter from Bin. to 10m. thick, 
which Griffiths found to contain gold and silver in places* 
One assay of the sinter gave a value of £8 per ton, but unfor- 
tunately the proportion of gold and silver is not given.! The 
cinnabar generally occurs lining small cavities and cracks in 
the solidified muds and sinters surrounding the original fissures 
in the basalt. It also occurs impregnating the sinter in an 
extremely finely divided form. Sulphur occurs throughout the 
sinter in larger proportion than either the cinnaoar ox pyrites. 

%-r rw* Griffiths, Ohaeawai Quiokailver-deposits,*’ Trans. 

N.Z. Inst. Min. Bng„ vol. ii, p. 4S. 

f Andre P. Griffiths, loe. at, p, 60, 
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The hot springs give off large quantities of H^S, and ocoa* 
sionally a little steam. The gas escaping through the water 
of the pools and small streams is partially oxidized, liberating 
sulphur, which imparts a nnlky-white colour to the pools, 
locally known as “ white lakes/' The beaches of the so* 
called ** white lakes " consist of sulphur mixed with magnetic 
ironsand and a small proportion of alum. Sulphur is also 
being sublimed at the vents or openings m the rocks from 
which H,S and SO^ gases escape. 

The prospecting* work conducted by Griffiths disclosed 
some interesting features. A deposit of cinnabar and pyrites 
crops out at the foot of the hills to the south-west of the 
mam deposits. A shaft was sunk near it, and cut the lode 
at a depth of 85 ft, The ore was 2 ft thick, and consisted of 
small crystals of pyrites cemented by cinnabar. At this 
depth there was a strong evolution of H<8, and the heat of 
the rocks increased so rapidly with the depth that mining was 
extremely difficult. 

It is noteworthy that the outcrop of this lode was found 
close to the charred trunk of a tree partially imbedded m hard 
siliceous mud The trunk and roots of me tree were coated 
with a thin film of cinnabar, as also were sonic pieces of fossil 
kauri-gum found near the roots. 

A small trench was sunk over a small fumarolo ; and at a 
depth of 10 ft. the temperature of the rook was found to be 
186*^ Fahr. 

No. 1 borehole, cosed with 8 in. piping, was put down to a 
depth of 104 ft., where it encountered the edge of the basalt. 
At the same time it struck a bssure from which hot mud was 
projected a height of 60 ft for about forty-eight hours. The 
mud was succeeded by boiling water charged with H^S gas, 
which was found to issue at a pressure of 30 lb. per square 
inch. 

Griffiths further mentions that the richest deposits of cin- 
nabar were found in close proximity to the hottest fumaroles, 
and that at very shallow depths a temperature was soon 
reached which precluded mining operations being carried on. 

The Ohaeawai hot springs omuabar-deposits, although 
never hkely to be turned to economic account, are of great 
scientific importance from the licht which they throw upon 
the formation of sulphide ores by solfatario actions. The 
dej^sits are still m process of formation, and metalUc sul* 
phides have ^en, and are still being, deposited in under- 
ground fissures and at the surface, together with the sinters 
which form the matrix. 

The hot springs and fumaroles owe their existence to the 
eruption of tne basalt, but the basalt is manifestly not the 
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source of the metals. The source may not be deep-seated, 
but that it exists at some distance below the flow of basalt is 
almost certain. 

The waters of the Ohaeawai springs were found by Captain 
Hutton in 1870 to contain zinc, manganese, silica, free sul- 
phuric and hydrochloric acids, but not traces of mercury A 
sample of the water analysed by W. Skev in 1896 gave the 


following results : — Orsins 

por Gallon. 

Protoxide of iron . . , 2 23 

Lirae ... . . . 5 97 

Magnesia 116 

Sihca . . 8-10 

Sulphuric acid ... 13*60 

Hydrochloric acid ... .. 66*91 

Sulphuretted hydrogen .. . Traces 

Alkalies . . ... 41*66 

Ammonia ... .. Traces 

Organic matter Traces 


CoMSTOOK Lode. 

Abundant evidence of the hydro- thermal origin of veins 
traversing eruptive rocks is also obtainable m Europe and 
America 

In several of the mines in the Comstock Lode ascending 
thermal waters were encountered m the deep workings, and 
seriously impeded mining operatioiis.f The water which 
flooded the Gold Hili mines issued from a borehole in the 
Yellow Jacket Shaft at a depth of 3,080 ft. It hod a temper- 
ature of 170*' Fahr., and was heavily charged with hydrogen- 
sulphide. J 

Baron von Kichthofen,§ who examined the Comstock Lode 
at a time when no abnormal temperature was noticeable* 
ascribed the origin of the lode to earlier solfataric action. 

Sulphur Bank Cinnabar-deposits. 

Tne quicksilver - mines at Sulphur Bank, in California, 
furnish important evid<3nc0 in relation to the genesis of ore- 
deposits by solfataric action. At this place the basements 
rocks are slates and sandstones overlain by a fresh- water 


* P. W. Hutton, “ On the Oooarrenoe of Native Meroury near 
Fakaraka, Bay of lelandg/' Tran«. N.Z. Inst., vol. Hi, 1871, p, 251, 

t Olarenoe King, U.B. Geological Exploration of Fortieth Farallel* 
1870. p. 87. 

; George F, Becker, “Geology of the Oomstock Lode," U.S, Geol# 
Surv. 1882, p. 280. 

§ F. von Bichthofen, ** The Oomstock Lode, Its Oharaoter and Prof 

^le Mode of Oontinuance in Bspth,’* San Franoisoo, 18$6, p. 54. . 
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formation, which in turn is capped by a flow of basalt. The 
sandstones and slates are broken and fissured in such a way as 
to form a breccia. The interspaces are filled partly with a still 
soft or already indurated suiceous paste, containing finely 
disseminated metallic sulphides, and partly with cinnabar, for 
the most part in coherent crusts.'*' In the same mine the 
basalt is reduced to a porous mass, and traversed by irregular 
fissures filled with sulphur and cinnabar. f Hot mineral 
water and gases carrying UaS force their way through the 
interstices of the deposit m the fissured sandstones and slates 

The silioa-deposits are found in all stages of consolidation, 
from a gelatinous mass to chalcedony, and alternate with 
layers of metallic sulphides, consisting of cinnabar and 
pyrites. 

Unfortunately, no information is obtainable as to the 
nature of the fresh- water formation lying between the Cre- 
taceous sandstone and basalt. 

According to Becker, the hot water is rich m chlorides, 
borax, and sodium -carbonate. The gases liberated from the 
water consisted of 893 parts of CO*, 2 parts of H* 8 , 79 parts 
of marsh-gas (CH 4 ), and 25 parts of nitrogen, in 1,000 parts. 

According to I)r. Melville the marcasite associated with 
the cinnabar contains traces of gold and copper , and m the 
eflaioresoence from the mine-workings Becker detected tiaces 
of cobalt and nickel. 

In the upper zone only sulphur was found; lower down 
sulphur and cinnabar, and in depth cinnabar and pyrites 
occurring upon or within deposits of silica. 

Steamboat Springs Cinnabar-deposits. 

The Steamboat Springs in Nevada also furnish important 
evidence of vein-filling by thermal waters. They have been 
fully described by Le Conte»J Becker, § and other writers. 

In a valley surroundeu with eruptive rocks, and underlain 
by altered sediraentanes believed to be of Archaean age, ther- 
mal springs issue from several points from north -and-south 
fissures. The floor of the vallev is covered in places with a 
sheet of calcareous sinter in which there are many fissures, 

* lit Oonta, ** On Mineral Veins now in Proffress at Bteamboat 
Springs oompared with ths same at Sulphur Bank,** Am. Jour, of 
Soienoe, vd. xxv, p. 404. 

t Prof, P. Poaepny, “ The Geneeta of Ore^depositB," Trans. Amer. 
Inst. Min. vol. xxiii, p. 197. 

I J Le (%nte, ** On Mineral Veins now in Progress at Steam- 
boat Springs oonmated with the Same at Sulphur Banlc,*' Am. Jour. 
Sob, vd. XXV, p. 4ii. 

i G. F, Beoker, ** Geolog v of the Quieksilver deposits of the Padfio 
Slope,** U.B. Geoi. Surv., Washington, 1886, p. 881. 
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here and there still open, but mostly closed by the deposit 
of silica on their walls. From some of the springs hot 
vapours and gases, chiefly CO9 and HyS, still issue 

Becker found in the mineral water small amounts of 
meroury-sulphide and sodium-sulphide About a mite to the 
west of the main group there arc similar fissures yielding 
steam and CO2. In the sinters of these occur several metallic 
sulphides Becker analysed the filling of several fissures and 
found, besides hydrated ferric oxide, lead, copper, and mercury 
sulphide, gold and silver, and traces of zmc, manganese^ 
cobalt, and nickel 

Thermal Action in relation to Vein-formation. 

The occurrence of metallic sulphides in the sinters at 
Sulphur Bank, Steamboat Springs, and Ohaeawai hot springs ; 
the mushroom-capped lodes at Waihi and Great Barrier 
Island, and the tree-stems replaced by sulphides found in 
veins at great depths below the present surface, afford con- 
clusive evidence of the filling of veins by hot ascending 
waters and gases in areas occupied by later eruptive rocks. 
It is a notorious circumstance that ore-deposits are most 
numerous in the neighbourhood of extended zones of eruptive 
rocks, as m Hungaty, Transylvania, Nevada, Colorado, and 
New Zealand, wliere the vein-bearing rocks are principally 
andesite, pnonolite, and trachyte. In other rooks veins are 
fewer and more scattered 

For veins m these altered later eruptives Lindgren suggests 
the name **propylite veins,*' but it is doubtful whether the 
genetic difference between propylite veins and true fissure- 
veins is sufficiently marked to justify the distinction. More- 
over, tlie roots of propylite veins will be difficult to distinguish 
from fissure-veins connected with a plutonic intrusion. 

Professor Suess,’* speaking of the importance of the t6U 
played by the waning phases of volcanic phenomena in the 
formation of mineral veins, says, “Hot spnngs may be taken 
as the latest phase of a whole senes which led up to the 
present deposits of ore " 

In Neviida the sulphur-bearing rook occurs in beds lying 
between limestone and magnesian rooks. In Utah the sul- 
phur occurs associated with gypsum near an old crater. 

At Tikitere, in New Zealand, there are extensive deposits 
of sulphur in an old crater. A large proportion of the sulphur 
IB tiie black amorphous variety. The heat of the fumaroles 
and hot springs is too great to permit the excavation of the 
sulphur to a greater depth than 6 ft. or 8 ft. 


^Profegsor Bdwsrd Sttoia^ Lectures, Hoysl Geograshiosl Journal 
vol XX, Nov. 1902, p, 520. 
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Ac White Island* in the Bay of Plenty, the deposits of 
sulphur occur in and around tne craterdake, mixed ^ith 
^psum The crater-water is hot, and highly charged with 
free hydrochloric and sulphuric acids. The gypsum is de- 
posited in crystalline incrustations on the sides and floor of the 
crater-lake. The source of the lime has not yet been de- 
termined , but the supply must be constant, as gypsum is 
being deposited continuously The sulphur is deposited in 
the water from gas-springs which are seen bubbling every- 
where m the floor of the lake ; and also from furaaroles 
around the margin of the crater. 


Awr. V — On the R61e of MetasoinaHsm in the Formation of 
certain Ore-deposits 

By Professor Jamiss Pabk, M.A.Inst.M E., M.Inst.M, and 
M. (Lond), F.G.8., Director of the Otago University 
School of Mines. 

{Ruid bdfors the Otago InsUtute^ 18ih September^ 2904.} 

Oktil lately it was the common belief that ore -deposits 
merely filled pre-existing fissures and cavities in the country 
rock. In recent years, writers on ore-formalion have become 
convinced, as the result of microscopic examination, that 
many ore-bodies were merely metasomatic replacements of 
country rock that followed certain well-defined crush-zones or 
zones of metamorphism. According to this, it is surmised 
that in many oases no previous cavities existed, but that 
the waters altered and removed certain tracks or zones of 
rock which they partially or completely replaced with ore- 
matter and gangue. 

This process of replacement is known to petrologists to 
have taken place among the constituents of many rock-masses, 
no matter how dense, including all metamorphic rocks, and 
all older igneous and eruptive masses, it is known as 
I ^metasomatism ” (meaning, change of body), and is due to 
internal chemical reactions which seem to take place as 
readily in rooks as do the equally obscure metabolic changes 
in living organisms. 

Xh msmy oases minerals are replaced molecule by molecule, 
mving rise to what is termed ** mineral pseudomorphism/’ 
But In the processes which affect ohan^ in rook-masses, 
reactions may be set up between the different constituent 
minerals, thereby forming new minerals capable of segregating 
themselves into large mastss ; or the roek may be altered, and 
Some or all of the constituents removed and replaced by new 

e— Trans. 
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substances. Thus, while pseudomorphism and metasomatism 
are closely related processes, it is found that they differ widely 
in the scope of their operation. Gneiss and mica-schist are 
familiar examples of the work of segregation and molecular 
rearrangement of the dominant constituents of sedimentary 
rocks 

The internal changes that affect eruptives are known to 
every petrologist. Besides these changes, which are chiefly 
molecular, rock-masses, and especially eruptive rocks, may 
be BO altered by the action of circulatir^ waters as to bear no 
resemblance to the original rook. Thus, in many cases 
andesites have been changed to propylite by the removal 
of certain essential constituents and the substitution of others. 

Metasomatic replacement, as defined by Van Hise’*' and 
Emmons,! does not necessarily imply a mere substitution of 
matter, molecule for molecule, as happens in the process 
of pseudomorphism, which involves the preservation of the 
oiigmal form of the substance replaced, but an inter- 
change of substance, the dissolved rock being replaced by 
grains or crystalline aggregates of one or more minerals. 
That substitution did, however, take place in some kinds 
of deposits is well known In the tin impregnations found 
in granite in New South Wales, pseudomorphs of tm in 
the form of orthoclase are not uncommon ; and many 
other examples could be quoted having reference principally 
to the replacement of isolated crystals in crystalline and 
eruptive rocks. 

Blow replacement of substance by a progressive movement 
of the solutions in a definite direction must be assumed to 
have taken place in the formation of ore-deposits composed of 
massive aggregates of ore and quartzose matrix . J n most cases 
the direction of movement would be determined by a rock- 
fraoture, fault-line, or crush-zone. In the case of deposits 
formed by deep- circulating solutions it is manifest that circu- 
lation could not be rapid, as the face or breast where metaso- 
matic processes were active would form a blind end or cuUde- 
$00, Whatever circulation existed would be mainly due to 
convection currents, which in deep-seated cavities would of 
necessity be feeble. 

This raises the question as to the transference and supply 
of dissolved matter to the continually advancing faces of 
metasomatic action. 

The energy which caused, or, at auy rate, accelerated, this 
tiunsference was probably osmotic pressure, which is a force 


• Van Hise, Sixteenth Annual Bepoxt U.8. Geol. Surv., part i, 
t B. F. Emmons, U.S. Geol. Surv. Monograph xii, p. 565, 
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of great intensity. It has been proved that when a por- 
tion of dissolved substance is deposited from a solution at any 
point the osmotic balance is disturbed, and immediately mor<^ 
dissolved matter travels to that point, in accordance with the 
well-established laws of osmotic diffusion, thereby providing 
new matter to augment the growing mass of ore Osmotic 
pressure is the chemical principle which compels solutions to 
luamtain an equal state of concentration throughout their 
whole mass , ana since it is always called into being when 
precipitation commences, its operation as an agency in vein- 
fiUing must not be overlooked. 

Metasomatism is a process of lode-formation, and does 
not concern itself with the source or origin of the dissolved 
matter contained in the solutions. It is almost certain tliat 
metasomatic processes, to a greater or less degree, were active 
agencies in the formation and filling of the majority of pyritic 
ore-bodios. 

Veins m which the mineral contents are arranged in 
symmetrical bands or crustifications can only be satisfactoi ily 
explained by supposing that the vein-matter was deposited m 
open channels, beginning with a crust on each wall, followed 
by subsequent crusts until the channel became closed or the 
solution exhausted. It is not assumed that the vein fissure 
remained open its full width during the whole period of de- 
position of the vein-matter. It is more reasonable to suppose 
that the fissure gradually opened as the process of deposition 
proceeded, the newly formed matter affording the necessary 
support to the walls. The forces which initiated the fracture, 
if still in existence, would doubtless tend to reopen and widen 
the fissure from time to time, 

Waldemar Lindgren’s classic paper on ** Metasomatic 
Processes in Fissure- veins represents a great advance m 
the scientific investigation of vein-formation. The author has 
followed Steizner's methods of microscopic chemical research 
with conspicuous success, in a field hitherto much neglected. 
His work further shows that a clear understanding of the 
genesis of a vein can only be obtained by a minute study of 
tne rocks contiguous to the ore-body. The metasomatism he 
describes is clearly not correlative with the metasomatic 
replacement defined by Emmons, but merely mineral pseudo- 
morphism on a large scale. He defines liis standpoint by 
repeating and adopting Beoker^s statement f that ** the theory 
of the substitution of ore for rock is to be accepted only 
when there is definite evidence of {iseudomorpbio molecular 
replacement.' ' He mentions that quartz is found replacing 

* lihidgteii, Trsns, Amer. Xc«t, Min. Bng., vol. soex, 1900, p. 578. 

t Beoto, Bitoussion, *• Oenssis of Ovo-dspoaits,*' 1901, p. 904. 
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calcite or even orthoclaae, and that rutile and anatase are com- 
mon as secondary products after ilmenite» titanite, titaniferous 
magnetiie, biotite, &c. Substitution of this kind is pseudo- 
morphic rather than metosomatio. Upon these and other 
mineralogical replacements which he enumerates he implies 
that the formation of vein-filling was the result of replacement 
molecule by molecule. 

Lindgren thinks this genetic theory may be fully sufBoient 
for many veins, but admits that for many others, perhaps the 
majority of fissure-veins, there seems to be something lacking. 

Vogt* classifies the metasomatic alterations caused by the 
circulation of ore-solutions as follows : — 


i?;! 

&) 

(«•) 

(A.) 


Alterations forming greisen, cassitente rock, Asc. 
Soapolitisation. 

Propylitiaation. 

Kaolin isation. 

Sericitisation. 

Carbonatisation (with dolomitisation). 
Sihcifioation. 

^eohtisation. 

Intense contact metamorphism. 


The tin-beanng rocks at Mount Bischoff, in Tasmania, are 
eurite and felsite wholly or partly replaced by massive topa«. 
To the list of metasomatic alteration of rock-masses must 
therefore be added topazisation. 

Vogt agrees with Emmons, Becker, Lindgren, and others 
that metasomatic replacement plays an important part in the 
formation of mineral veins and ore- bodies. 


Art. VI. — The Depostiton of Mineral Matter from Aqueous 
Solutions in tts Relation to the Willing of Cavities and 
Vein- fissures. 

By Professor James Park, M.A.Tnst.M.E., M.Inst.M. and 
M. (Lond.), F.G.8., Director Otago University School of 
Mines. 

{Read before the Otago Institute, mh September, 1904.] 

The deposition of metalliferous and mineral matter from 
underground solutions may be effected by one or more of the 
following causes : — 

(1.) A decrease of temperature. 

(2.) A decrease of pressure. 


Geology of Ow-deposlts/* he. cH , 

p. 660 . 
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(8.) Electro-chemical action. 

(4 ) Chemical precipitation — 

(a.) By contact with other mineralised solutions. 

(/;.) By gaseous emanations 

(5 ) Absorption of metals from dilute solutions by silica, 
clays, and poious substances 

The dissolution and deposition of mineral matter from 
aqueous solutions must necessarily be governed by physico- 
chemical laws It 18 therefore reasonable r.o that the 

prevailing geological conditions in each caSfe v#<tl determine 
th»‘ forces or processes that will be brought into operation 

The dissolving- power of water is enormously increased by 
heat and pressure, and it has been proved experimentally 
that water and water-vapour at high temperatures and pres- 
suies are capable of dissolving almost all known rocks and 
metals. Hence water will possess its greatest solvenj power 
at the greatest depth reached by it, whether it is disengaged 
from a cooling igneous magma, or exists as a deep-seated cir- 
culating current. In the first case the water and vapour will 
gather their mineral contents from the parent magma, either 
m whole or in part, and in the second case from the rocks 
through which the channels chance to pass 

The hot imnoraMaden solutions will naturally tend to 
ascend, and in ascending will gradually part with beat and 
become subject to less pressure The substances which >^ere 
dissolved only at the greatest temperature and pressure will be 
the first to pass out of solution : and thereafter, as the solu- 
iions ascend, with decreasing temperature and pressure, the 
dissolved substances will be deposited in the inverse order of 
their solubility. The most difficultly soluble substances will 
be the first to go out of solution, and the most easily soluble 
the last Thus when the ascending waters reach the surface 
we should only expect to find in solution the easily dissolved 
alkaline silicates, carbonates, and sulphates. 

It is notorious that hot mineral springs do not deposit sul- 
phides at the surface. The cinnabar which has been and is 
still being deposited in the sinters at Ohaeawai hot springs in 
New Zeiuand is being formed from gaseous emanations, and 
not from the mineral waters. This is also probably true of 
the oinnabar-depoBits at Steamboat Springs and Sulphur Bank 
in America. At Ohaeawai, Eotorua, and everywhere through- 
out the volcanic regions of New Zealand solfataric and fuma- 
rolic action are intermittent phases of the same jpipe or vent. 
In many oases, however, hot springs and fumaroies exist side 
by side. 

The weathering and oxidation of the outcrops of metalli- 
ferous lodes by meteoric waters, followed by the transference 
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and conoencration of the valuable contents to a lower depths 
forming zones of secondary enrichment, are the work of 
chemical dissolution and electro-chemical precipitation in 
which the primary sulphides probably play an important 
part. 

The power possessed by clays, silica, and porous mmerai 
substances to absorb or extract tnetala from dilute aqueous 
solutions may play a more important part in the formation of 
ore-deposits than generally supposed 

W. 8key,‘ as far back as 1869, proved experimentally that 
finely pulverised massive quartz, rock-crvstai, and silica pos- 
sess the power of absorbing or extracting the oxide of iiou 
from Its acetate solution He also found that prepared silica 
especially manifests this property if igmted at a low tempera- 
ture, an^, besides, takes oxmes of coppei and chromium from 
their acetate solutions The more finely divided the silica the 
more apparent is the absorption 

In 1871 Skevf found that when a weak ammoniacal 
solution of copper containing a little caustic potash is poured 
upon a filter of Swedish paper (cellulose), the liquid which 
passes through the paper is quite or nearly colourless, and the 
filter 18 found to have retained all, or nearly all, the copper of 
such solution. 

In 1874 hej showed that clay possessed the property of 
absorbing and fixing natural petroleum in such a way as to 
form a substance reserablmg natural oil-sbale, the oil being 
chemically combined with the clay. lie does not appear to 
have tried to ascertain the absorptive power of clay upon solu- 
tions of the metals, but his discovery that silica and porous 
substances such as cellulose possess the property of absorbing 
metals from their solutions has an important bearing upon 
the chemistry of ore-formation 

E Kohler,^ in 1903, experimenting on the line followed by 
Skey in 1869, showed that clays and porous substances such 
as gelatinous silica, carbonaceous and colloidal substances^ 
possess the power of extracting metals from their dilute solu- 
tions. 

In this property of clay, sihca, and porous substances we 
may have found the key to the concentration of gold in the 

W. Skey, “On the Absorptive Properties of Silica, and its Direct 
Hydration in Contact with Water,'* Trans. N.Z. Inst., vol. ll. p. Ifil, 
WelhnRtoD, N Z., 1869. ^ 

t- Skey, Absorption of Copper from its Ammoniacal Solution 

by Oellnlose In Presence of Caustic Potash," Trans. K.Z. Inst., vol. iv, 
1871, p .882 

} W. Skey, Notes on tbe Formation and Constitution of Torbaaite 
and similar Minerals," Trans. N.Z, Inst, vol. vii, 1874, p. 887, 
j E. Kohler, " Zeitsobrift fUr Praktisihe Oeologic*" 1908, p. 49. 
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clayey and talcosc matrix of the remarkable lode-formations 
of Kalgoorhe , of the rich horn-silver atid ernbolite found in 
the kaolin clay of Broken Hill liode ; of the silver in the 
fiilver-sandstones of Utah , and of the copper in the copper- 
hearing shales of Mansfield and elsewhere Rook-impregna- 
tion by magmatic water in the zone of rnetarnorphism con- 
nected with an Igneous intrusion may also be traced to the 
same cause. 


Art. VII —The Temperature of Combiutwn of Methane oi 
the Presence of Paliadiumist d Asbehtos. 

(Abstract.) 

By H G. Denham, M.A. 

[Head be/ote the Canterhuiy Philoeophvcal Society ^ 7th June^ 1906 \ 

A CONSIDERABLE doubt appears to envelop the question as 
to the temperature at which methane combines with oxygen 
in the presence of palladtumised asbestos. Winkler states 
that the action scarcely takes place under a red heat. Phillips 
^Chem Soc. Jour., 66, 2, 194) gives 404^-414° C , Hempel, 
200°; whilst Richard t has quite recently determined 500° C. 
as being the temperature at which an appreciable oxidation 
takes place, it was to throw light on this question that this 
set of experiments has been carried out. 

SooPK OF Work. 

1. Determination of the temperature of combustion of 
methane and oxygen wlien in proper volume for complete 
combustion. 

2. The influence of a change of rate at which the gases 
were passed over the palladiumised asbestos 

8. The influence of a change in the proportion of the 
gases. 

4, The effect on the temperature of combustion of methane 
when varying proportions of hydrogen were added 

5. A brief inquiry into the question as to how far the 
catalytic action of the palladium is due to a superficial oxida- 
tion. 

Afparatub and Method. 

Pure methane was prepared by the method of Parker and 
Tribe from zinc*copper couple and methyl iodide ; and the 
oxygen and hydrogen by the electrolysis of pure dilute 
sulphuric acid. " 

A heavy iron vessel containing lead, shielded with asbestos 
walls, was use^i as a bath, and gave extremely satisfactoty 
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results, for rarely did one degree of variation occur in the 
course of an experiment. All temperatures were measured 
with a platinum resistance thermometer. 

The method adopted was to pass the gas through a capil- 
lary containing the asbestos, the tube being kept at the 
requisite temperature by the lead bath The gas was then 
allowed to take up a constant temperature, and carbon -dioxide 
sought for by absorption in potassium -hydrate 

With regard to testing the oxidation of the metal, the 
method was altered Oxygen was slowly passed through the 
capillary , the apparatus was thou swept out with nitrogen, 
and methane passed through It was anticipated that, if an 
oxidation had taken place, traces of carbon-dioxide would be 
found 

The conclusions arrived at may be smiimariBed as follows — 

1 . The temperature of oxidation of pure methane and 
oxygen is about 520^-546'^ C., very close to that observed 
recently by Richardt 

2 An increase in the rate at which the gas is sent over 
appears to cause a decided increase m the temperature of 
combustion. Since every particle of gas was in contact with 
the heated asbestos for over a second, this increase cannot be 
attributed to insufficient heating. A decrease in the rate 
caused very little alteration in the temperature of oxidation, 
showing that increased facilities for combination in no way 
help to overcome the natuial retardation observed by Mallai’d 
and Le Chatelier, and by Kichardt 

3. A variation in the proportions of the gases causes a 
decided change in the temperature of oxidation, for a well- 
defined minimum is obtained when the gases are present in 
proper volumes for total combustion. 1 vol. OH 4 : 2 of 
gave as temperature of combustion t520^--546° C. ; 1 vol. CH| : 
1 of Oa gave as temperature of combustion 565^-685® C. ; 1 voL 
CH 4 . 3 of O 4 gave as temperature of combustion 620^^ C. The 
curve connecting volumes and temperatures is appended. 

4. The addition of hydrogen, even in large quantities, df>es 
not cause the methane to burn at a lower temperature. 
Consequently the usual method of fractional combustion of 
hjrdrogen in gas-analyses should give reliable results, pro- 
vided the temperature does not rise above C. It is in- 
teresting to note that the action of the catalyser does not 
appear to be aided by the intense heat generated by the com- 
bustion of the hydiogen Perhaps the most reasonable ex- 
planation of this IS that the palladium, which is catalytically 
active not only towards a methane- and-oxy gen mixture but 
also towards a hydrogen-and-oxygen mixture, acts in the 
presence of these three gases in such a way as to coufine its 
energy as a catalyser to that direction in which it ss the 
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more active -—namoly, to aiding the union of hydrogen and 
oxygen 

6 The catalytic action of the palladium does not appear to 
be due to a previous oxidation of the metal. 

6. In no case has anything approaching complete combus- 
tion been observed, although at times the gas was 150° above 
its temperature of combustion This is directly contrary to 
tbe work of Phillips, but in good accord with the recently 
published work of Sichardt. 



In conclusion, I feel^that I cannot close this paper without 
expressing my deep gratitude to Dr W. P. Evans for his 
kindly assistance and encouragement, and also to Dr. C. 0. 
Farr tor the loan of electrical apparatus. 



42 


Tratimt'twnn 


Art. VIII — Technical Analyses of Coal, and GoaUtesHng 
By A M. Wright» M.S A (liondon), Follow of the Geruian 
Choinioal Society (Berlin). 

IHead hefor$ the Canterbury Philosophical Institute, 7th June, 1**06} 
As the results, so far as the estimation of moisture, volatile 
combustible matter, and fixed carbon are concerned, are only 
comparative, to be of any value it la necessary that they be 
obtained under exactly the same conditions 

The methods used for the various determinations in the 
coals analysed are as follows — 

Moisture, — Weigh 2~5 grams of the pulverised sample 
into a platinum crucible , place the crucible uncovered m an 
air bath having a temperature ranging fiom 105^^ C. to 110" C., 
and heat at this temperature for exactly one hour, cool, 
weigh, and call the loss m weight moisture ” As coal when 
dried at 1(X)" C. loses m weight for a time, and then grows 
heavier, the sample cannot be dried in the ordinary way until 
a constant weight is obtained 

Volatile Combustible Matter, — Weigh 1-2 grams of the 
sample into a platinum crucible, place the cover on tightly, 
and heal over a good Bunsen burner for exactly three and a 
half minutes, then bring a blast lamp under the crucible for 
exactly three and a half minutes more, taking care not to allow 
the crucible and contents to cool while changing burners. 
Cool and weigh, the loss in weight being moisture and volatile 
combustible matter. This determination should always be 
made on a fresh sample of coal, and not on the sample used 
for the moisture- determination 

Fixed Carbon and Ash — After weighing the crucible for 
the previous determination, heat over a good Bunsen burner 
until the carbon is completely burned off and the residue 
shows no unburned carbon. Cool and weigh ; the difference 
between this weight and the last is the weight of fixed carbon 
in the coal, and the residue in the crucible is the ash. The 
sum of percentages of fixed carbon and ash is approximately 
the percentage of coke that may be obtained from the coal. 

Sulphur ■ — Bschka’a method was used, beating with an 
alcohol "lamp. As this method is well known, no aesoription 
IS needed. 

Heating -value, ^ — For the actual calorimetric determina- 
tions, BfOsenhaim s modification of the Thompson calorimeter 
was used ; for comparison, the calculated heating- values are 
according to a formula suggested by the American Coal 
Analyses Committee.’*' 

* Ohem. News, 1898, p 75 , Trane. N.i5. , voTTxxiT, pTsST 
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To determine which coal is the most economical to use, 
actual boiler tests must be made on each variety as leceived 
Oombined with the boiler test should be careful chemical 
analyses, which will furnish standards of quality for future 
reference. Alone, chemical analyses are not sufhcient, as every 
boiler requires a particular variety of coal for the production 
of best results, and then a coal can be selected from which 
the maximum capacity of heat can be obtained , but, as 
stated before, this can only be determined accurately by 
means of actual boiler tests, and subsequently by chemical 
analyses 

Particularly in rapidly determining the heat-value of suc- 
cessive consignments of the same coal, or of similar coals, the 
quantity of ash forms the readiest basis of comparison The 
ash -determination can be made accurately and rapidly, where 
it is impracticable to make calorimetric determinations suffi- 
ciently often.’" Coal high in ash has its fuel- value per ton 
diminished, and, allowing for the moisture, any variation in 
the quantity of ash gives a sufficiently good criterion of the 
variation in calorific value. As the ash accumulates, and is 
mixed with smaller particles of coal, preventing their complete 
combustion, the grate is stopped up, thus diminishing the rate 
of combustion and the steam produced. 

From actual calorimetric determinations, compared with 
the ash-determination of various lots of coal of the same class, 
the following results show that as the ash increases so the 
calorific value diminishes, the calculations being made on a 
2-per-cent, -moisture basis. 


A«h. 

Oaloriflo Value. 

AbVi 

Oalorifio Value. 

2 83 

... 7372 2 

4-82 

... 7160-2 

301 

... 7303-3 

4-91 

... 7138 8 

853 

386 

... 7279 1 

... 7204-6 1 

5-46 

... 7046-7 


Of thirty-two samples of coal examined in this way, twenty - 
seven, or 84 per cent., varied as above. 

As it costs money to handle ash, coals with a high 
percentage of ash are also more expensive from this stand- 
point. 

Another important factor to be considered is the fusibility 
of the ash. Coals containing much sulphur produce an asn 
which is readily fusible, and may thus choke up the grate 
completely. The completeness of combustion depends greatly 
upon the absence of fusion in the ash, as, m fusing, the asn 


* Jour. 800. Ohem. Ind., 1904, p. 11. 
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enolosBS unbunied carbon, and thus further combustion is 
stopped. 

An item which does not enter into senous consideration as 
far as the more commonly used New Zealand coals are con- 
cerned 18 the question of moisture ; this is objectionable, both 
because of reducing the fuel -value per ton and on account 
of the heat consumed m evaporating it A certain amount of 
the heat produced by fuel is necessary to raise its tempera- 
ture to that of the grate, as well as for evaporating the mois- 
ture contained in it. A fuel very low m heating-value may 
often use up heat in burning, and thus prove a constant 
source of loss m heat-energy. 

For permission to submit this paper I have to express rny 
thanks to Mr Gilbert Anderson, managing director of the 
Christchurch Meat Company, in whose laboratory all the ex- 
perimental work has been done. 


Abt. IX. — Some New Oomfounds of a Stmtlar Nature to 
Antifebrine, 

By P. W. Bobertson. 

[Bead before the Wellington Philoioph/ical Society^ 5th July^ 1906*] 

ANTiFBBfetNE, ocetaoilide, C<,Hft NH* 00 *CH|, is prepared by 
heating together acetic acid and aniline. The acetic acid may 
be replaced by any fatty acid, and the resulting compound is 
known as the anilide of the corre 8 ]^nding acid. Manv of 
these compounds have already been ootained, but the melting- 
points of the known members of the series show such little 
regularity fhat it was determined to prepare the missing 
members m order to investigate the nature of the irregulanties. 
Again, by treating the derivatives of aniline, such as toluidine, 
naphthylamine, Ac., with the fatty acids, new series of com- 
pounds can be obtained, and these heve hitherto been investi- 
gated only to a slight extent. No less than thirty-five new 
compounds of this nature have been prepared in a pure con- 
dition. Their medicinal pri>pertie 8 have not been investigated, 
but it is quite possible that some of them misht prove to be 
aati|>yretic 8 as valuable as, if not more valuable than, anoi- 
febrme itself. 
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In Table I are collected the melting-points of the anilides 
and paratoluidides It is seen that the numbers do not form 
a regular senes, but varv m a most erratic manner, the irregu- 
larities being greatest among the earlier members In the 
case of the even members a regular increase m the melting- 
point 18 observable after the tenth member, and, further, the 
differences between the two sets of numbers gradually 
dimmish. 


Number of 
Carbon in 
Correeponding 
Acio 


Anilidee 

O 0 


Tablk I, 

Difference 


Parntoluidido-*. 
0 0 


2 

112 



153 


3 


105 



123 

4 

90 



74=1 


6 


61 



72* 

6 

96 



75'' 


7 


71 



80* 

8 




59* 


9 


57 ■ 



81* 

10 

61' 


19 

BO" 


11 


64* 



67’* 

12 

68* 


13 

81* 


14 

84 


9 

93* 


16 

90 


6 

96* 


18 

94 


4 

98* 



* Determinations by the author. 


One of the causes of these abnormal results is probably 
the symmetry of the molecule, which has been shown in many 
cases to have a great influence on the melting-point Hence, 
if m two series of compounds of similar nature symmetry in 
one case tended to reduce the melting-point, and in the other 
to cause an elevation, the possibility arises that these two 
factors might balance each other ; consequently, on adding 
the melting-points together a regular series might result. 
This method of treatment has proved to be successful, and 
satisfactory results have been obtained, more especially in the 
case of the even members, for which the data are more com- 
plete. 

A series of such a nature is that of the fatty amides, the 
melting-points of which tend to rise or fall as the correspond- 
ing numbers in the case of the anilides or paratoluidides 
diminish or increase. The values obtained by adding these 
series together is given in Table II. 
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Table 

II. — Sum of 

Melting-points. 


Number of 





CarboD-atoms in 
Oorreeponding 

Add 

Amide and Anilide. 

Amide and 
Paratoiuidide 

2 

3 

194 

184 

235 

202 

4 

205 


189 


6 


171 


187 

6 

196 


176 


7 


166 


175 

8 



169 


9 


149 


173 

10 

169 


178 


11 


145 


148 

12 

170 


183 


14 

186 


196 


16 

196 


202 


18 

203 


207 



In both cases the numbers for the odd members fall oon- 
tmuously. In the even series there is a regular minimum, 
and in one instance a corresponding maximum at a distance 
of six carbon-atoms. The resemblance becomes clearer when 
the results are plotted graphically. 

XM.F^ 
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In addition to these compounds the lower members of the 
naphthylamides have also be^n prepared. In each case the 
melting-points form an even less regular series than do the 
anilides and paratoluidides 


Table III. 

Number of 


O'lrbon-atomB in 
Oorreapondmg 

Aoid 

a, Napbtbyl- 
amide 

Sum. 

Naphtbyl 

amide. 

2 

.. 169 

291 


132 

3 

. 116 ^ 


286 

170* 

4 

. 120^ 

287 


167* 

5 

.. Ill'’’ 


277 

166* 

6 

... 93^:^ 

264 


171* 

7 

. 106 : 


248 

142* 

8 

— 



— 

9 

... 91- 


200 

109* 

10 

... 96^^ 

194 


99* 

11 

... 92* 


191 

106* 

12 

... 87'^' 

185 


98* 


DelermmatioiiB by the author. 


These series scarcely show any regularity even when the 
odd and even members are considered separately. But it is 
noticeable that when the melting-point of the a compound 
rises, that of the ^ derivative falls, and vice versa. Con- 
sequently, on adding the two series together it might be 
expected that regularities would appear. Buob is indeed the 
case; the sum of the melting-points of the even as well as 
the odd members forms a gradually diminishing series of 
numbers. 

The naphthylamides, even when recrystalliised several 
times from alcohol, are of a pink or yellowish hue But 
the most noticeable feature is that the odd members of the 
u compounds are much darker in colour than the even mem- 
bers, whilst m the case of the ^ derivatives exactly the reverse 
IS found to be the case. 


Expbkimbntal, 

The anilides and toluidides described in the present paper 
were prepared by the following method : A mixture of from 
1 to 3 grams of the fatty acid and the equivalent amount of 
aniline or paratoluidine was sealed in a tube and heated to 
160°- 180° for eight hours. In no case was any pressure ob- 
served in the tube after cooling. The product obtained in 
this manner was treated several times with dilute hydro- 
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chloric acid to separate any iincombined base. After this the 
impure substance, which if n had first separated as an oil had 
111 most cases now become solid, was washed with water and 
ciystallized from dilute alcohol. Usually three crystalliza- 
tions were sufficient to obtain a compound of constant melt- 
iiig-point Tlie yield was in general 50-80 per cent. The 
purified compound was then analysed by determining the per- 
centage of nitrogen by the ordinary method of Dumas. 

The following are the details of the experiments : — 

Nopylanilide . CisHmON , white crystals ; M P , 67^. On 
analysis, 0'21 40 gram gave 117 c.c N at 23^ and 768 mm. 
N 6'8 per cent , (calc ) 6 per cent. 

Decanilide ‘ Ci^Hj^cON ; white crystals; M.P., 6P. On 
analysis, 0 1098 gram gave 5*7 o.c N at 22®, and 758 mm 
N — 5*9 per cent,, (calc.) 5*7 per cent. 

Undecylanilide : Ci 7 H, 70 N ; white crystals; M.P., 64® 
On analysis, 01968 gram gave 9*6 c.c. N at 23®, and 768 mm. 
N = 5 6 per cent., (calc.) 5-3 per cent. 

Lauranihde : Cij,Ha,ON ; light-yellowish crystals resembling 
lauric acid ; M P , 68®. On analysis, 0 3376 gram gave 14*6 
c 0 . N at 20^, and 770 mm. N =- 6 1 per cent., (calc.) 5 0 per 
cent. 

Bu^yroparatoluidide . CuHiftON ; white crystals ; M.P., 
74®. On analysis, 01502 gram gave 10*3 c c N at 23®, and 
764 mm. N 8*0 per cent , (calc.) 7*8 per cent. 

Valeroparatoluidide : CiaHj^ON ; white crystals; M P., 

72®. On analysis, 0 1474 gram gave 9 6 c.c. N at 19®, and 
750 mm. N = 7*5 per cent,, (calc.) 7 3 per cent. 

Hexoparatoluidide . Ci,Hj„ON ; white crystals ; M P., 

76®. On analysis, 0 2194 gram gave 18*4 c.c. N at 22®, and 
764 mm. N = 7*0 per cent., (calc.) 6*8 per cent. 

Heptoparatoluidide : Ci 4 H*iON ; white crystals , M.P., 

80 per cent. On analysis, 0*2560 gram gave 14 2 c c. K at 
22®, and 766 mrn N - 6*8 per cent., (calc ) 6*4 per cent, 

Octoparatoluidide : CigHasON. Separated as a brown oil, 
which crystallized only after several weeks After four re- 
crystallizations a small quantity of the compound, melting 
constantly at 69®, was obtained. The amount was insufficient 
for analysis. The small yield in this case is probably due tp 
the fact tW it is extremely difficult to prepare octoic acid in 
a pure state. 

Nonylparatoluidide : CwHi^ON ; white waxy crystals ; 

M.P., 81®. On analysis, 0*1962 gram gave 9*8 c.c N at 21®, 
and 754 mm. N « 6*7 per cent., (calc.) 6*7 per cent. 

Decoparatoluidide : Ci 7 H* 70 N ; whitish crystals; M.P., 
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BQT, On analysis, 0*1646 gtam gave 8 Of.c. N at 23”, and 766 
mm. N = 56 per cent , (calc ) 5 3 per cent 

Undecylparatoluidide * C^HwON , waxy white crvatals , 
M P., 67” On analysis, 0 1924 gram gave 8 5 c c N at 23”, 
and 758 min N - 5 0 per cent , (calc ) 5*0 per cent 

Lauroparatoluidide OieHaiON , yellowish crystals ; M.P . 
81”. On analysis, 0*2780 gram gave 12 1 c c N at 22”, and 
756 mm N = 6 0 per cent., (calc ) 4*8 per cent 

Myristoparatoluidide : 0«,H^ON ; waxy white crystals . 
M P , 93” On analysis, 0*2042 gram gave 7*6 c.c N at 21”, 
and 760 mm N = 4 35 per cent , (calc.) 4 4 per cent 

Palraitoparatoluidido * CflflHgpON ; yellowish crystals ; 
M P , 96” On analysis, 0 2618 gram gave 9 2 c.c. N at 21”, 
and 764 mm N = 4 1 per cent , (calc ) 4 05 per cent, 

Stearoparatoluidide * CaftH^ON ; after six crystallizations 
from absolute alcohol the compound melted at 90”. On 
analysis, 0 2710 gram gave 9 0 c.c. N at 22”, and 764 mm 
N « 3 9 per cent , (calc ) 3 75 per cent. 
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Art. X . — Tlis Detection and Estimation of ilie Alkaloids by 
means of their Double Sulphocyanides 

By P W. Robertson, M A., Rhodes Scholar 
{Head before the Wellington Phtloeophtcal Society ^ 8rd May^ 1905,] 

The late Mr. Skey, who has enriched the Transactions of the 
New Zealand Institute by a large number of papers on 
cheinioal and physical subjects, has drawn attention to the 
fact that solutions containing certain alkaloids yield preoipi- 
tates when treated with ammonium-sulphocyanide and a /^inc 
or mercury salt Neither the discoverer of the reaction nor 
any subsequent observer appears to have further investigated 
these insoluble precipitates. Consequently, at the suggestion 
of Professor Easterfield, the following investigation was made, 
with the twofold object of determining the nature of the 
reaction and of basing upon it a convenient method of 
volumetric analysis 

The more important alkaloids were examined, and it was 
found that in the presence of ammonmm-sulphocyanide not 
only zinc and mercury but many other metals gave insoluble 
precipitates. In particular the cobalt compounds are cha* 
racterized by the display of colour winch occurs during 
the precipitation. This forms an excellent test for detecting 
small quantities of antipyrme. If a solution containing cobait- 
nitrate and ammonium -sulphocyanide is added to a liquid in 
which the drug is dissolved, there first appears^ a dark-blue 
precipitate, and the colour of the solution gradually changes 
through various shades of purple till it finally becomes red. 
Not only is this reaction as sensitive and characteristic as the 
ordinary tests for antipyrine, but in addition it possesses the 
advantage that it takes only a short time to perform. 

Nickel also gives characteristic green precipitates with 
quinine and cocaine, but the reaction is not so sensitive as 
was found to be the case with cobalt. The other metals 
examined, with the exception of tm, give for the most part 
only faint precipitates. 

The results are collected in Table I, and in the case of the 
more sensitive reactions the limit of dilution at which the 
precipitation oeeurs with excess of the reagents is also given. 
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An examination of the above table will show that the 
cinchona alkaloifie, ana more especially quinine, give the 
most sensitive reactions A solution of ammonium - sulpho- 
cyanide and ismc - sulphate compares favourably with the 
well-known alkaloidal reagents, as is seen from the following 
data - 


Keagent. 

Zmc-amrnoniuni‘8ulphocyanide 
Phosphotungstic acid 
Mercurv-potassium-iodide 
Potassiuin-periodide 
Picric acid 

Phosophomolybdic acid 
Chlorine and ammonia (thalleio 
quin) 


Limit of Proportion 
of 

1 60,000 
1 100,000 
1 90,000 

1 80,000 
1 40,000 

1 30,000 

1 ii0,000 


Further, it has the advantages — (1) the reagent is easy to 
prepare , (2) it is not extremely sensitive to other alkaloids, 
as 18 the case with reagents such as phosphotungstic acid, &c. 

Owing to the extreme insolubility of 2 inc-amnionmm- 
quinine-sulphocyanide, it is evident that the proportion of 
sulphocyanide m the compound can be found indirectly by 
determining the excess of sulphocyanide in the filtrate after 
precipitation. Excess of zinc-sulphate and ammonium-sul- 
phocyanide, however, should be present, as the precipitate is 
perceptibly soluble in pure water. 

As the result of a large number of trials under different 
experimental conditions, the following method of experiment 
was finally adopted as being the moat convenient for examin- 
ing the nature of the reaction : Owing to the fitct that excess 
of the reagents are necessary to cause complete precipitation, 
a strong solution of ammonium-sulphocyanuie must be added 
to the quinine. Then, as the excess of sulphocyanide left in 
solution after the precipitation is too great to be measured 
conveniently by the usual method of titration, this strong 
solution is diluted to a known volume, and then an aliquot 
portion is taken for analysis. 

Ten c.c of a decmormal solution of quinine dissolved in 
liilute nitric acid was treated with excess of zinc-sulphate and 
10 c.c. of normal ammoniurn-sulphocyanide. The white floc- 
cuient precipitate, which forms immediately, became coherent 
on a^tation, and was separated by filtration through a Gooch 
crucible. Such a eruoibie has a perforated bottom, which is 
covered to a depth of ^in. with tightly packed threaded 
asbestos. The crucible is fitted into a thistle funnel with a 
piece of rubber tubing, and the funnel is fixed in a flask, 
as shown in Eig. 1. By the aid of a suction pump liquids can 
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be filtered inj such an arrangement in a remarkably short 
space of time. 



The precipitate, which remains m a, is washed with a 
small quantity of a solution containing zinc-sulphate and 
ammonium-nitrate, in which it is practically insoluble. 

The liquid which collects in b is then transferred to a 
gi aduated fiask of 100 c.c. capacity It saves time, however, 
if the liquid is filtered directly into a measuring-flask to which 
a side tube is attached (Fig. 2). 



After dilution 10 c.c. of the solution is treated with an 
equal volume of decinormal silver-nitrate, and ^ sulpho- 
cyanide added UDtil a red colour i8 developed with ferric sul- 
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phate Concordant results were obtained at different dilu- 
tions, and in the presence of varying amounts of nitric acid, 
zinc * sulphate, an<i ammonium -eulphocyanide, provided that 
excess was present 

The results obtained with a decinormal solution of quinine 
are f^iven in Table II. 

Table IL — Showing the Number of Equivalents of Zinc 
and Sulphocyanide added to One Equivalent of Quinine, 
the Number of Equivalents of Sulphocyanide removed by 
the Quinine, and the Total Volume of the Solution. 


Quinine 

Zino. 

Sulpho 
ov Aiit()e 
ftdded 

Total 

Volume 

Sulpho 

oyanide 

removed 

1 

6 

10 

30 

3 6^ 

1 

12 

10 

30 

35* 

1 

6 

20 

40 

34 

1 

12 

20 

40 

3 66 

1 

6 

10 

60 

3 46 

1 

12 

10 

60 

3 6 

* Tbeoe 

results are the 

meivn of 

a namlier of 

closely concordant 


expenmoDts in solutiona with varying ainonats of nitric acid. 

Similar results were obtained by working with normal 
potassium-sulpiiocyanide and washing the precipitate with a 
solution containing zinc and potassium ions. 

Prom these experiments it appears that one equivalent of 
quinine combines with three and a half equivalents of sulpho- 
cyanide to form the double salt — t.^., 8*6 c.c N sulphocyanide 
precipitates 0*324 gram quinine /. 1 c.o. N sulphocyanide pre- 
cipitates 0*093 gram quinine. This method can thus be used 
for the quantitative estimation of quinine, and it has the great 
advantage that the whole determination can be performed in a 
few minutes. 

Although cinchonine and oinchonidine do not form such 
insoluble precipitates quinine, nevertheless these alkaloids 
can be satisfactorily determined in a similar manner. 

Below IS given the sensitiveness of the cinchona alkaloids 
in the presence of zinc-sulphate and (a) ammonium -sulpho- 
cyanide, (h) potassium- sulpnocyanide, at ordinary tempera- 
tures. 

Quinine. Ginohucine. Ginohonidine. 

Ammonium 1 : 60,000 1 : 26,000 1 : 16,000 

Potassium 1 : 40,000 1 : 20,000 1 ; 12.000 

The ammonium-salts are characterized by being slightly 
less soluble than the corresponding salts of potassium. 

It was found in the case of mnohonine and oinchonidine 
that one equivalent of alkaloid requires three equivalents of 
sulphocyanide for precipitation— t.e., 8 o.c. N sulphocyanide 
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precipitates 0 294 gram cinchonine or cmchonidine 1 c.c. N 
sulphocyauide precipitates 0*098 gram cinchonine oi cinchoni- 
dine 

This volumetiic method of analysis was then compared 
with the otlicial B.P methods for estimating quinine in the 
diug fern ct qumime eitras,” and the total alkaloids in the 
eiude cmchona-bark. Whilst losing nothing in accuracy, the 
new method effects a considerable reduction in the time and 
trouble which is expended m the performance of the analysis 
according to the British Pharmacopoeia. 

** Fern et Qmmna CWas About 15 grams of the 
substance was dissolved in water, and the quinine was pre- 
cipitated by ammonia, and extracted with chloroform. The 
quinine was removed from the chloroform by shaking with 
6 per cent, nitric acid, and this solution was titrated as 
described above. The method of the British Pharmacopoeia 
is to evaporate the chloroform-solution to dryness, and to 
heat to 100° till the weight is constant The results obtained 
by the different methods are as follows * — 

B P method (time, an hour and a quarter)L: 1 654 grams 
gave 0 246 gram quinine 14 8 per cent. 

Titration method (tune, half an hour) . (a) 1 659 grams 
required 2*6 c c. NH4CNH = 14*6 per cent. ; (5) 1’561 
grams required 2*4 c c NH4CNS =: 14 4 per cent. 

The Cmchona Bark (an epitome of the process is given 
in the adjoining table). — Fifteen grams of the finely powdered 
material were treated with lime and a small quantity of water. 
The alkaloids were then extracted with a boiling solution of 
benzine, containing 20 per cent of amyl alcohol. This was 
shaken several times with dilute sulphuric acid, and the solu- 
tion made up to 100 c c So far the method is identical with 
that of the B.P. Fifty o.c. were diluted to about 200 c.c., 
heated to boiling and neutralised with ammonia. On cooling 
the insoluble quinine-sulphate crystallizes out. The usual 
method of analysis is to collect this on a tared filter, and to 
beat to 100° till its weight is constant This operation, how- 
ever, takes a considerable time, and several weighings are 
necessary. Further, it often happens that the precipitate of 
quinme-sulphate separates m such a form that it cannot be 
conveniently placed on a filter 

In, order to estimate the quinine by titration the solution 
is filtered without troubling to remove the precipitate which 
adheres to the beaker. After washing with a small quantity 
ot ammonium-sulphate the precipitate on the filter and that 
left in the beaker is dissolved in a little dilute nitric acid. The 
amount of quinine in solution is then -determined by adding 
sulphocyanido and titrating as described above. 



Table III 

Solution containing the acid sulphates of quinine, cinchonine, and cinchonidine from the bark Dilute 
to 100 c.c. Tidce 50 c.e., dilute, heat to boiling, neutralise with ammonia, and cool. 
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To separate the oinchoindine from the cinchonine the 
neutral solution from the qumine-aulphate is treated with 
excess of Bochelle salt and stirred vigorously After an hour 
the precipitation is complete It is usual to weigh the pre- 
cipitate of cmchonidme-tartiate in the same manner as the 
quinine-sulphate It is more rapid and convenient, however, 
to dissolve the precipitate in a little dilute nitric acid, and to 
titrate directly with sulphocyanide 

The cinchonine, wdiich is left after the removal of the 
quinine and cinchonidine, is estimated by acidifying the solu- 
tion and titrating in the usual manner Care, however, must 
be taken to have excess of nitiic acid when the silver-nitrate 
IS added 

The remaining 60 c c. of the original solution is now 
titrated, and in this manner the amount of total alkaloid can 
be determined In the red bark, owing to the small amount 
of quinine present, 1 c c. sulphocyanide = 0 097 total alka- 
loid , in the yellow bark, 1 c c sulphocyanide = 0 095 total 
alkaloid. 

If the method is accurate the total alkaloid (ft) should be 
equal to the sum (a) of the quinine, cinchonidine, and cincho- 
nine. That this 18 the case is seen from tlie following deter- 
minations made with a specimen of red bark 


Quinine 

(1.) 

Per Cent 
1-2 

Per Cent, 
1-2 

Cinchonidine ... 

2 6 

2-8 

Cinchonine 

1 0 

0-9 

Total alkaloids 

. (a) 4-8 

(a) 4-9 


(b) 5'1 

(6) 5-0 


The same bark was also analysed according to the B.P. 
method, in which the quinine and cinchonidine are pre- 
cipitated together as tartrates and the mixture weighed on a 
tared filter The cinchonine was estimated by treating the 
filtrate with ammonia, extracting with chloroform, and heat- 
ing to dryness 

The results are given below, and compared with those 
obtained by the titration method. 


P.B. Method. Titratiou Method. 


Quinine | 

4-0 

(1 1 

(2.) 

Cinchonidine i 

3-8 

4-0 

Cinchonine 

12 

10 

09 

Total alkaloids 

62 

4-8 

61 

4-9 

60 
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The Composition of the Double Sulphocyanides. 

(a.) ZuiL 

Ten c c. of the solution of the alkaloid were precipitated 
in the usual manner with sulphocyanido in the presence of a 
known excess of ajinc-sulphate. The liquid was filtered, and 
the zinc m the filtrate was estimated by precipitation with 
sodium carbonate. From this the amount of zinc which 
combines with a known amount of alkaloid could be found 
by difference The following are the results . — 

(1 ) Quinine - ammonium > zinc - sulphocyanide . 10 c.c ^ 
quinine required 0 0424 gram zme Calculated for 3 B, 2 2in 
(CNH)^— 0 0424 gram zinc 

(2) (iinchonme-ammomum-zino'sulphocyanide . 10 c.c. ^ 
cinchonine required 0 0486 gram zinc Calculated for 4B, 
8 Zn (CAS).^ — ^0*0487 gram zinc 

(3) Cinchonine -potassium- zinc -Bulphocyanide: 10 c.c. 
oinchonine required (a) 0 0472 gram zme, (b) 0-0494 gram 
zinc Calculated for 4B, 3 Zn (CNS)^ — 0*0487 gram zinc. 

(4.) Cocaine - ammonium - zinc - sulphocyaniae . 20 e.o. 
cocaine required {a) 0-0210 gram zinc, {b) 0 0232 gram zinc. 
Calculated for 3B, Zu (CNS)a-~-0-0217 gram zinc 

{b.) Anmionm. 

Precipitation was caused by a definite volume of normal 
ammomum-sulpbocvanide in the presence of excess of zinc- 
sulphate After washing the precipitate with a small quantity 
of a dilute solution of zmc-sulphate, the ammonia m the 
filtrate was estimated by distillation with caustic soda. It 
was thus possible to determine the amount of ammonia iu the 
double salt. 

The method of operation will be illustrated by means of 
the detailed analytical results obtained m tne case of quinine. 

Preliminary Test Experiment. — 10 c.c. N ammonmm-sul- 
pbocyamdo on distillation with caustic soda gave ammonia 
i= l()0c.c. N acid. The filtrate from 10 c.c. ^ quinine and 
10 c c N ammoniurn-sulphocyanide gave ammonia = (i) 9 5 
c.c. N acid, (ii) 9*6 c.c. N acid. Icc N quinine combines 
with 0*6 c.c. N ammonia. 

(c.) Sulphocyantde, 

The method has already been described and explained. 

The following is a summary of the results obtained in the 
determination of ammonia and sulphocyanide : — 

(1.) Quinine - aminonium - zinc - sulphocyauide : 10 c c. ^ 
quinine required (a) 0*5 c.c N ammonia and 3*6 ox. • sulpho- 

* The mean of S large number of olosely oonoordant determinations. 
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cyanide, (b) 0*5 c.c. N ammorna Calculated for 6B, 4 Zn 
(0NS)„ 8 NH4ON8, 10 HCNS, 0 5-^3 5 c.c sulphocyanide. 

(2,) Cinchonine - ammonium - xinc - sulphocyanide 10 c.c 

cinchonine required (a) 0*5 c c. N ammonia and 3*0 c.c ' 
aulphocvanide, (6) 0’v5 c.c. N ammonia Calculateci for 4 B, 
3Zn(CNB)a. 2NH4CNS, 4HCNS, 0*5 --- 3 0 c.c. N aulpho- 
cyanide. 

(3.) Cocaine - ammonium • zinc - sulphocyanide : 20 c.c. 
cocaine required (a)0*5oc N ammonia and 2 5c.c.'^' N sul- 
phocyanide, (5) 0 65 c c, N ammonia. Calculated for 6B, 
2Zn(CNS)a. 3NH4CNS, 8HCNS, 05-~25cc ^ sulpho- 
cyanide. 

(d.) Alkaloid, 

The precipitate from a known amount of alkaloid was 
collected on a Gooch crucible, and dried in a vacuum over 
sulphuric acid. Under these conditions the double salts 
still persistently retain a trace of water, which was removed 
by heating to 100^ The weights thus obtained should con- 
firm those calculated from the formulae, which were derived 
from the analytical results already given above. 

(1) Quinine -ammonium- zinc ' sulphocyanide • Quinine =:= 
(a) 64 6 per cent., {b) 55 0 per cent Calculated for 6B, 
4 Zn (CN8)„ 3 NH4CN8, 10 HCNS- 65*6 per cent. 

(2.) Cinchonine - ammonium - zinc - sulphocyanide : Cin- 
chonine = 64 9 per cent Calculated for 4B, SZnfCNS)*, 
2NH4CNS, 4HCNS— 55 7 per cent. 

(3 ) Cinchon)ne-pota88ium-zinc-8ulphoc\anide ; Cinchonine 
= 55 4 per cent. Calculated for 4 B; 3 Zn (CN8,), 2 KCNS, 
4HCN8 — 55*6 per cent 

(4.) Cocaine- ammonium - zmc- sulphocyanide . This com- 
pound could not be dried without decomposition. 

Summary and Conclusion. 

1 . Whereas many alkaloids give insoluble with ammo- 
nium- or potassium - sulphocyanide and zmc - sulphate, the 
double salts of quinine, cinchonine, cmchonidine, and cocaine 
are the most insoluble in the presence of excess of the 
reagents. 

2. These double salts are exceedingly complex in their 

composition, a characteristic of many alkaloidal compounds. 
Thus, cinchonine - ammonium - zinc - sulphocyanide has the 
formula, 4 (CiA,N«0), 3 Zn (CNS)^, 2 4 HONS. 

This corresponds closfely with the formula of herepathite or 
st^hate of lodo-qumme, which mav be written, 4 (CaoH,4N.Oa), 
8H,S04,2m, 4t. +8aq. ’ »• « , v. 


• The mean of a large number of cloaely concordant determinatione. 
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8 Notwithstanding the complexity of these insoluble 
compounds, the determination of the amount of sulpho- 
cyanide required by the alkaloids for their formation serveK 
as the basis of an accurate and speedy method of estimating 
quinine in the commercial drugs, and of assaying the crude 
cinchona-bark. 

Experiments are now m progress to ascertain if this 
method may prove of value in estimating cocaine in the com- 
mercial preparations and in the assay of ooca-leaves. With 
suitable modifications it may also serve as a means of sepa- 
rating different alkaloids, such as strychnine and brucine, oi 
quinine and strychnine. 

The above work was earned out m the Victoria College 
Laboratory, Wellington, under the conditions of the Jacob 
Joseph Scholarship. 


Art. XI . — Notes on the Hemtptera of the Index Fauna 
NovcB-Zealandta ” 

By G. W. KihkaIiDy. 

[Bead before Du Pktloeophicat Inetitute of Canterbury^ 7th June^ 1905 .) 
Zoologists will be indebted to Captain Hutton for hm reduc- 
tion of the ** Index,” certainly no light task; but it is a pitv 
that the nomenclature of the Hemiptera was not hi ought up 
to date, as manv of the species are now placed in genera other 
than those in which they were originally described. It would 
require a new list to present this corrected nomenclature, but 
the following notes may be useful : — 

P. 221. (a.) For Nezara amoyit read N. amyoti. 

J b.) Oncacmtias vtUattts (Fabr.) Ctmex vittatm, Fabr 
nubiB vittatuSf Index Acanthosoma viUata, Distant, 
1900, Ann. Mag. N.H. (7), vi, 227 s= OncaoortUm hntnneipen- 
ni«, Breddin, 1908, S.B. Ges. Nat. Fr. Berlin, 219. Breddin's 
genus may be held, though the distinction from Acantlwsoma 
is very slight. I can add Palmerston North (Quail) as a 
locality. 

Additional Spboibs and Vaiubtibs. 

Fam. Cbroopid«. 

Ptyelus (Phlanus I sic, Index) trimaculatm, Walker, vars. 
tristts and latus, Alfken, 1904, Zool Jahrb. Sys , xix, 698. 

Fam, Chbrmidje {Psyllidm, Index). 

Psyllia acacicB, Maskell, 1894, Bnt. Mo. xxx, 171 ; 
also found in Australia and Tasmsinia, probably introduced. 
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Potvelha vitteoradiata, Maekell, 1879, T N.ZJ., xi, 223, 
pi. vm, f. 22. 

Powelka dorypJiora, Maskell, 1880, Lc., xii, 291. 

Tnoza alextna, Marnner, 1903, T.N.Z I , xxxv, 306, pis. 
33, 34. 

Probablb Incorrect Inolitbions. 

The following species should be expunged from New Zea- 
land lists till further confirmations It is well known that 
many of the localities given in the voyages of the Novara," 
“ Eugenie," &c , are incorrect. 

Fam. CiMioiD.® {Pentatovmlce, Index). 

Caltiphara tmperiali$ (included in T N Z L, xxx, p. 169, 
hut omitted in Index). 

Scutiphora pedicellata (included in T.N Z.L, xxx, p. 169, 
but omitted in Index) 

Sctocons helferi 

Platycoris imviarginatus 

Fani. Maorocbphalid.® (Phymatidc^, Index). 

Pkyrnata feredayt and consptcua : These are both the same 
(American) species, and were either accidentally introduced 
into Now Zealand or were incorrectly labelled. 

Fam. Eeduviidas. 

Nahts kmatua : Probably included in error. 

New Name. 

The genus Morna^ White, is preoccupied in the same 
order In his Nomenclator Zool , p. 217, Soudder records, 
^*Moma, White, Ent. Month Mag., xv., p. 130 (= Bomva, 
White) ; 1878, Htm,, White." I do not think this can be 
taken as a proposal of Bomna as a new name by Scudder, 
especially as it is not included in its place in the list on page 
281 , and it seems best to establish Boinna definitely now 
as a new name, and entomologists cau quote either Bomna, 
8cudd(3r (or White?), 1882, or Bomna, Kiricaldy, 1905, as they 
think fit. 

I may add that I am working out the life-history of several 
Hawaiian Hemiptera, especially at present CEchal%a grisetis 
and HyalopepiuH pellucidus. 

I should be much obliged for specimens (in all stages, pre- 
ferably preserved in alcohol) of any Novo-Zealandian Henu- 
ptara, especially (Echalta consoctahs {Sohellembergii)^ and any 
of the CapHidm. 
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Akt. XII —Note on a Water-beetle found xn Sea-water. 

By Chahlbh Chilton, M.A , D Sc., F.L.8 , Professor of 
Biology at Canterbury College 

[Head before the Philosophical Imtitute of Canterbury^ 7th June, 1905,] 

In January, 1905, while searching m the rock-pools at Island 
Bay, Wellington, for marine animals, I found a water-beetle 
swunniing freely among the seaweed in one of the pools 
Only the one specimen was seen, but it seemed quite at home, 
and was behaving just as it might have done in fresh water 
As its occurrence m salt water appeared rather unusual, 
the specimen was forwarded to Dr David Bharp, of Cam- 
bridge, England. 

He informs me that it is lUiantus pulvtrosus, Stephens, 
a species already known from New Zealand and elsewhere, 
and that, as it is sometimes found in brackish ditches and 
streams near the sea, there is a probability that it had been 
passively earned out to sea by a flood , at the same time 
ne points out that the distribution of this and of some other 
species can only be explained by supposing that thev are 
capable of living in the ocean for a time, and, if a suitable 
object presents itself to give them a starting-point, of taking 
fresh flights from time to time. 

There is a small stieam at Island Bay which opens into 
the sea not very far from the place where the beetle was 
captured, and it is quite likeiv that it may have been carried 
into the sea from the stream during a flood , but oven if it is so 
the beetle must be capable of living for some time in actual 
sea-water, for the pool in which it was taken was freely 
exposed to the inflow of the waves at all times except at dead 
low tide, and the stream was at such a distance and the 
volume of water in it so very inconsiderable that it could 
make no appreciable effect on the salinity of the water in the 
rock-pools. 

Darwin in his “Voyage of the * Beagle*" records the 
finding of several live water-beetles swimming in the ocean 
seventeen miles from land, off Cape Comen tes, and considers 
that they had been floated into the sea from a small stream 
which drains a lake near the cane. He also records the find- 
ing of a species of Hydrophxlus in a lagoon near Bio Janeiro in 
which the water was only a little less salt than m the sea. 

I have thought it worth while to record the above facts, for 
exceptional occurrences of this kind are often of special 
value m the explanation of difficult questions that may arise 
in connection with geographical distribution. 
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Abt. XIIL — Note on tits Occurrence of Mefcoponorthus prui- 
no8U8, Brandt, tn New Zealand, 

B> Charlbh Chilton, M.A., D 8c , FLS, Professor of 
Biology, Canterbury College. 

[Read before the Phtlo6oph%cal Institute of Canterbury, 7th June, 1905 ] 

In the list of Crustacea in the British Museum published 
in 1847, a species, Porcelito zealaniicus, is named but not 
described (p. 99) It remained undescnbed till 1876, when 
MierSjin preparing a catalogue of the New Zealand Crustacea, 
examined all the New Zealand Crustacea in the collections of 
the British Museum and described those he considered new. 
His description of Porcelito zeaiandicus appeared first in the 
Annals and Magazine of Natural History " (ser. 4), xvii, 
p, 225, and was also given in the ‘‘ Catalogue of New Zealand 
Crustacea,'' and was there illustrated by two figures. 

In the “ Crustacea Isopoda Teirestria," published in 1886, 
Budde-Lund put down the soecies as a doubtful synonym 
of Metoponortmis pruinosus, Brandt Up to that time, and for 
long afterwards, no local collector had recognised the species ; 
and in my Terrestrial Isopoda of New Zealand I could 
only add to the account given above that I had examined the 
type specimen in the British Museum, and that it was un- 
doubtedly a Metoponorthus, and apparently closely resembled 
M. prumostis, though the condition of the specimen was not 
sufficiently good to allow one to be quite sure on this point. I 
also pointed out that, while it would not be extraordinary if 
this cosmopolitan species were found in New Zealand, still it 
was not known to local collectors up to that timfe , though, as 
the British Museum specimen must have been obtained before 
1847,+ we might have imagined that the species, if really 
existing in New Zealand at that time, would have since 
become abundant. 

In 1901 I recognised numerous specimens of Metoponorthm 
prmnoHUs among Isopoda sent from Norfolk Island, but none 
from New Zeaiana till March, 1906, when among some 
Crustacea sent me by Mr Hutchinson from the shores of 
a tidal lagoon in Hawke’s Bay I found numerous specimens of 
this species 1 have compared them with the Norfolk Island 
specimens, and also with specimens gathered in England, and 
find that they are all specifically identical. 

• Trana. Linn Boo., 2nd ►or , Zool., vm, p 141, 

t Since this was written Dr. T. W. Caiman, of the British Museum, 
informs me that it is not quite oorreot The specimens recorded hy White 
in 1847 were from “Van Diemen’s Land^», that from New Zealand, 
described by Miers, was received by the Museum in 18fi4. 
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There is therefore no longer an^ reason for doubting that 
this widespread species had established itself in New Zealand 
even before 1854. It is interesting to note, however, that it 
does not appear to have spread widely in New Zealand. 1 
have certainly never seen it m the South Island, where I have 
collected pretty widely for many years past; and, though 3 
have not personally collected it in the North Island except 
near Wellington, I have had many terrestrial isopods sent me 
from different places in that Island, but no Metoponorthus 
jrrutfiosm till I got those sent oy Mr. Hutchinson 

The same thing is true of another introduced species, 
Armadillidium vulgare, Latr , winch is common in the City of 
Nelson, but has so far not been recorded from any other part 
of New Zealand except Mount Egmont, whence a single 
specimen was sent me years ago by the late Mr Drew On 
the other hand, Porcelho seaber, Latr , another introducea 
species, IS extremely common all over New Zealand, and, in 
addition to being found near inhabiiated places, has penetrateii 
to some extent into the bush far from houses 


Akt. XIV, —On CrassatellitOB trailli. 

By Captain F. W. Hutton, F.B.S. 
before, the Phtlosoph%ml TmUtuts of Cunterbuntt 7th June^ 1905.] 
A SPBOIMSN of this species collected by Professor James Park, 
F.G.8., and pi^eseDted by him to the Canterbury Museum, 
shows a welbmarked pallial sinus. It therefore cannot be 
kept in the genus in which I originally placed it, but appears 
to belong to Mactropsts of Conrad. It resembles the Mao- 
trida in having a prosogyrous beak, but otherwise it is more 
like the Mosodesmidce, in which it is usually placed. The fob 
lowing is a description of the species. 

Maotbopsis trailli, 

Crassatella trailli, Hutton, Cat, Tertiary Mollusca of New 
Zealand, 1878, p. 24. 

Shell solid, heavy, closed at both ends, elongato*tri- 
angular, very inequilateral, produced, flattened and roundly 
angulate posteriorly. Anterior end rounded ; posterior end 
obliquely truncatea. Both anterior and posterior dorsal 
marine nearly straight; ventral margin slightly curved* 
Umbones slightly prosogyrous. Exterior finely and regularly 
conoentrioally ribbed ; the ribs rounded, rather narrower than 
the grooves, becoming obsolete on the posterior flattened slope 
of 4bo shalh as well as near the ventm margin. Xiunule wdl 
mariced, lanoeolatei smooth. Margins smooth. Adductor soars 
8-^Traiui. 
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deep, about equal in size. Pallia! sinus well maiked, rounded. 
Besillifer flat and triangular, similar in both valves. Bight 
valve with two cardinal teeth, the central one very strong and 
much higher than the anterior. Antenor lateral tooth obsolete , 
posterior lateral strong. Left valve with two cardinal teeth . 
the posterior lateral obsolete, the anterior well developed. 

Length, 55 mm. ; height, d5min. , thickness, 21 mm. ; depth 
of palhal sinus, 7 mm. 

Locaiittes, — Wharekuri, Waitaki Valley, Mount Harris; 
Mount Horrible ; Pareora ; Awamoa 


Abt. XV . — On a Skeleton of Emeus crassus from the North 

Island. 

By Captain F. W. Hutton, F.B.S. 

[Head before the Phtloaophtcal Institute of Canterbury ^ 7th June^ 1906,] 

On the Slst January last the Museum received from Mr 
C. K. Meredith-Kaye an imperfect skeleton of a moa, which 
turned out to be Emeus crassus. It was found in sand by Mr. 
Meredith -Kaye’s son, on his run, about eighteen miles south 
of Castle Point, on the east coast of Welhn^on Province.. 

With the exception of the legs and feet, the bones were 
brittle and niucn broken ; nevertheless it is quite possible to 
make out the characteristics of the bird The remains are — 
skull and premaxilla, with the right maxillo-palatine and both 
quadrates , the entoglossal bones , nineteen venebraEi, from 10 
to 28 ; a very imperfect pelvis, with nine caudal vertebra ; a 
fragmentary sternum, and the remains of fourteen thoracic 
ribs, with five uiicmates ; two cervical and seven sternal ribs ; 
a set of leg and toe bones complete, except one hallux missing. 
There were also about thirty-five slender oval and fifty thick 
round tracheal rings. Many others were destroyed, as they 
hardly bore handling. It was a full-grown bird, but the 
twenty-eighth vertebra was not anchylosed to the pelvis. 

With the skeleton were found a few rounded pebbles of 
sandstone, and three fragments of egg-shell ; the latter show- 
ing that the bird was a female, for the place in which the 
skeleton was found precludes us from supposing that it might 
have been a male sitting on an egg. 

Of the skull : The calvaiiurn is well preserved, the pre- 
maxilla 18 damaged but resembles that of Emeus, but the 
mandible is altogether absent. The right maxillo-palatine is 
like that of Emeus, there being no atrium to the palatine 
The skull resembles that of Emeus crassus, but the temporal 
ridges advance more over the cranial roof, the occipital 
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condyle does not project so much, and its neck is thicker 
The paroccipital processes descend as low as the basitemporal 
platform. The zygomatic process is long and simple. The 
anterior lambdoidal ridge makes an angle in the centre of 
the skull, as in Anomalopteryx The mariimillar tuberosities 
are small. The dimensions are : Length of the basis-cranii 
35 mm , of roof of cranium 76 mm. ; width of cranium at 
paroccipital processes 64 mm , width at squamosal processes 
72 mm., at temporal fossee 40 mm , at postorbital processes 
81mm.; distance between tem^ral ridges, 36 ram. ; height 
of cranium, 46min. ; width of tympanic cavity, 18 mm.; 
width of temporal fossa, 20 mm. . width of orbit, 31 mm. ; 
distance between optic foramina, 10 mm. ; length of quadrate, 
34 mm. ; greatest length of preinaxilla, 78 mm. , width of the 
body, 36 mra.(?) 

The vertebral column commences with No, 10 All the 
seven thoracic vertebrsB are present. They resemble those of 
Emeun in every particular. 

The sternum is much broken, but sufficiently well pre- 
served to show that it belongs to Eimus The width a^cross 
the costal processes is about 173 mm ; the width of the body 
is 110 mm. ; and the length of the body 112mm.(?) 

The pelvis is very incomplete. The ventral surfaces of the 
sacral vertebrae are broad and flattened, but without any longi- 
tudinal ridge. The width at the anti trochanters is 305 mm. 

The leg- bones include both the tarsals : they resemble 
those of E, crassus. The following are the dimensions : 
MetaUirsus: Length, 203mm.; prox. width, 88 mm.; mid. 
width, 48 mm. ; diet width, 106 min, T^bia : Length, 
482mm.; prox. width, 148 mm.; mid. width, 46mm.; dist. 
width, 76mm. Femur: Length, 268mm.; prox. width, 
99 ram. ; mid. width, 46tnm, ; dist. width, 117 mm. It will 
thus be seen that the femur is shorter than in E. crassus from 
the South Island. The right metatarsus has the anterior 
openings of the interosseal canals about ^ ui. apart, but m the 
left the anterior opening of the entinterosseal canal is absent, 
while that of the ectinterosseal is enlarged and divided by a 
bony ridge. Both posterior openings are present. This is a 
common variation in the DinornUhtme. 

The feet have only four phalanges in the outer toe, as is 
usual in Emeus, The third and ungual phalanges of the right 
outer toe are diseased, and there is an osseous growth at the 
distal end of the right femur. 

I conclude, therefore, that the bird belongs to E, crassus, 
although it is remarkable that no bones of this species have 
hitherto been found in the North Island. The knowledge of the 

of the bird also adds to the importance of this skeleton, which 
has been mounted and is preserved in the Canterbury Museum. 
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Akt. XVI. — Beaults of Dredging on the Continental Shelf 
of New Zealand. 

By Chaklbs Hedlky, F.L.S. 

[Read hefor« the Welhnqtini Phihaophical Soctetyt 7th June^ iWd5.3 
Plate«< I and II 

Intkopuotion. 

DuKiNa the meeting in January, 1904, of the Australasian As- 
sociation for the Advancement of Science, at Dunedin, a party 
of the assembled zoologists proposed to attempt some deep-sea 
dredging The project received the cor<iiai sympathy of the 
President, Professor T. W E. David, F.R 8., who referred to 
it in his presidential address 

To Professor Benham, Messrs A. Hamilton, G. M Thom- 
son, and the writer, the use of a steamer was generously 
granted by the Dunedin Harbour Board We gratefully ac- 
knowledge also the assistance of the Union Steams^hip Com- 
pany of New Zealand, who provided us with deep-sea sounding 
apparatus, and the services of two of their officers to operate 

It. 

I had brought with me from Sydney several hundred 
fathoms of wire rope and a dredging-bucket of my own design 
which had done good service on similar occasions. The latter 
may be briefly described as a conical bucket, the aperture of 
which was choked by a movable inverted truncated metal 
cone, like that fitted to the mouth of a ram-gauge. 

The day appointed for the excursion was unfortunately 
spoilt by rough weather. We spent twelve hours of the 14th 
January m great discomfort, sounding and dredging about 
twelve to twenty miles outside Port Chalmers, in from 100 to 
300 fathoms As a result we lost considerable gear, and 
obtained only a cupful of bottom from 100 fathoms. The 
bucket dredge appeared to fill properly, and was raised to 
within a few fathoms of the surface when the line parted. 
It seemed to be twisted off. This accident I attribute to 
the want of a swivel link. 

A second expedition was later organized in Auckland, 
where Professor Park, Bev. W H. Webster, Messrs. H. 
Suter, B Murdoch, and C. Cooper ioined the writer. The 
bucket lost off Port Chalmers was replaced by one built by a 
local tradesman. A serviceable vessel, the Awarua,'* fitteci 
with steam winding-gear, was engaged for the tnp. 
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On passing out to the open sea froxn the Hauraki Gulf we 
encountered a heavy swell, and found that the gale which had 
proved so disastrous to the Dunedin excursion had followed us 
up the coast The success ultimately achieved was largely 
due to a happy suggestion of Mr. Cooper By his advice we 
packed a sack with cotton-waste and poured therein a couple 
of bottles of machine-oil. Trailing this over the ship’s side as 
we drifted, a zone of calm water afforded us protection while 
we dredged* 

The spot selected for operations was in the vicinity of 
Cuvier Island, east of Great Barrier Island, in 8 lat 86^^ 8', 
E long, 175° 56' ; depth, 110 fathoms. The time, sunrise on 
the 22nd January, 1904. 

At or about the 100-fathom zone the submarine slope here, 
as elsewhere in New Zealand or East Australia, suddenly 
changes to a steeper descent. I have met with no explanation 
of this phenomenon, and now venture to suggest that this 
alteration marks the lowest point at which currents have 
transported material.'^ 

After twenty minutes* winding, the bucket came up full to 
overflowing with soft, sticky, green mud A second haul pro- 
duced similar results. A few echini were entangled m frayed 
rope-yarn attached to the small end of the bucket 

We returned to Auckland with about a third of a 
ton of sea-bofctom Mr Cooper hospitably gave the party 
the use of his premises. After reserving samples for geo- 
logical examinat^ion, the mud was placed m fine sieves, 
on which was played the garden -hose. On prelimmary 
examination the mud, which was perhaps coloured by glau- 
conite, showed but few shells ; washing yielded about a 
spoonful of shells to a gallon of mud. An interesting feature 
18 the occurrence of several species, such as Poroleda lanoeo- 
lata and Lonpes concmna, previously only known as Tertiary 
fossils. 

It was resolved by the company that Mr. Suter take 
charge of the collections and distribute different gi^oups to 
specialists who might undertake their study, and that types 
of new species should be ultimately placed in the Colonial 
Museum. 

Under this arrangement the examination of the following 
Mollmca has been assigned to me. My labours have been 
nmch lightened by the kindness of Messrs. Suter and Mur- 
doch, who sorted out the species and assisted me with pre- 
liminary determinations, 

** Sinos wvhtiig the above 1 dud that Admiral Wharton has already 
advanced this explanation— Nature,” Sfith Febiuary, 1897, p. m. 
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PBIiKOYPODA. 

Nucula lacunosa, Hutton 

Nucula mhcata^ A. Adams, P.Z.S., 18e56, p 53 Id,^ Thes. 
Conch, ui, 1860, p. 153, pi 2i9, f 127 (not of Brown). 
N lacumsa, Hutton, P L 8 N B.W , ix. 1884, p 628 

Several specimens in which the radii aic more prominent 
than in shallow-water specimens. 

Nucula nitidula, A Adams 

Nricula mtidula, A Adams, P.Z S , 1856, p. 61. Id,, Thes 
Conch , 111 , 1860, p. 150, pi 229, f 142. 

A few specimens were procured 

Leda bellula, A Adams 

Leda bellula, A Adams, P Z 8 , 1856, p. 49 Id , Hanley » 
Thes Conch., lii, 1860, p. 122, pi. 228, f 74 
A species which occurred abundantly answers fairly to 
the above quotations. But the lithograph, fig 25 of pi v, 

‘ Leda,'" in Conch Icon., vol xvui, is so bad a copy of the 
figure in the Thesaurus that it looks like a different species. 

A Adams, whose name is the danger signal for untrust- 
worthy work, reports the species as taken by F. Strange in 
Australia But, on the on*‘ hand, no Australian shell like 
this is known to mo, and, on the other, Strange collected ex- 
tensively in New Zealand. Indeed, he was the first, and for 
half a century the last, to dredge off the New Zealand coast, 
and discovered many of the species enumerated in this report, 
I am therefore disposed to think that “Australia” has been 
substituted here for “New Zealand.” The gpecies before me 
18 that known to all conchologists in New Zealand as Leda 
conctnna The figures of Leda concinna more nearly express 
the proportions of Poroleda lanceolata than any other member 
of the New Zealand fauna, and are incompatible with the 
traditional determination 

Leda fastidiosa) A Atiams. Plate I, figs. 1, 2. 

Leda fasttdtosa, A. Adams, P.Z S . 1856, p. 49. Id., Hanley, 
Thes. Conch., in, 1860, p. 125, pi. 228, f. 82, 83. 

A considerable number were dredged. The concentric 
sulci vary from the least trace to considerable development, 
but are never so coarse and regular as in the last species. 
Besides being smoother than L. beltula it is more inflated, 
and IS further distinguished by a microscopic punctate pattern. 
The length of the figured specimen is 7 mm. and the height 
4 mm. 
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This species was first described from New Zealand, pro- 
bably from Strange's collection, but has never been recognised 
again, either there or elsewhere, and was eliminated from the 
New Zealand list by Hutton (P.L.S N.S. W., ix, 1884, p. 
527). 

Poroleda lanceolata, Hutton. Plate 11, fig 7. 
Scaphula(*?) ianceolata, Hutton, Trans. N.Z. Inst , xviii, 1885, 
p. 832. Poroleda iunceolata, Hutton, Macleay Memorial 
Vol., 1893, p. 86 (not Poroleda lanceolata, Tate, Proc, Boy, 
Soc. N.S W., xxvii, 1894, p. 186 =s Poroleda tatet, Hedley, 
** Victorian Naturalist," xxi, Dec 1904, p 112). 

The name of this species is involved in some confusion. 
Professor Tate, m March, 1894, introduced a new species, 
type of a new genus, under the title of Poroleda lanceolata. 
But in the previous September Captain Hutton had rede- 
scribed his fossil under the same name. Since Poroleda Ian- 
ceolata was in current use for both the New Zealand and the 
Australian shell, 1 have proposed to distinguish that which 
Tate figured and described from the Gellibrand River beds of 
Victoria as Poroleda tatei. 

In colour, textuie, and all particulars save those of the 
hinge-teeth this species closely resembles Leda emicula^ 
Angas, L. tefroyi, Beddome, and L, huUonh Tate These five 
species might suitably be included in Poroleda, 

Hitherto P lanceolata has been known only as a Ter- 
tiary fossil, Mr. A. Hamilton has shown me a broken valve 
from off Anchor Island, Dusky Sound. In our 110 fathoms 
dredging it occurred plentifully. The size of the specimen 
drawn is— height, 3*85 mm ; length, 13 8 mm. ; breadth of 
single valve, 0*9 mm. 

Malletia australis, Quoy and Gairaard. 

Solenella auetrahs, Quoy and Gaimard, Voy. “ Astrolabe," 
Zool,, hi, 1836, p. 471, pi. 78, f. 6~10, 

A single valve. 

Bathyarca cybaea, n. sp. Plate I, figs. 3, 4. 

Shell small, oblong, short and inflated, inequivalve, a little 
inequilateral without impressed ray, posteriorly and anteriorly 
rounded, sinuate beneath ihe beak. Colour white, probably 
bleached, Sculpture finely reticulate. A series of delicate 
subequal evenly spaced riblets radiate from the umbo to the 
margin; as growth piooeeds new riblets are intercalated till 
about fifty reach the margin. The radii are broken into short 
lengths by concentric growth -lines which produce minute 
prickles at the point of intersection. Beak much inrolled, at 
a third of the length of the shell. Ligamental area narrow. 
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Hinge-plate edentulous under the beaks, posteriorly with four 
nearly horizontal, anteriorly with four highly inclined small 
teeth" Interior rayed by imprint of external sculpture Mar- 
gin finely crenulate within except at bvssal gape Length, 
3 mm. ; height, 2 15 mm. , depth of single valve, 1 mm 

This species, represented by numerous specimens, is 
nearest allied to the Australian B perventdens, from which it 
differs by the less development of the nostenor side. 

Plcurodon maorianus, Hediey. 

Plfurodon rruiojianm, Hediey, “ Records of the Australian 

Museum, ’ v , 1904, p 87, fig. 14 

This species appeared in profusion. 

Dacrydium pelscneeri, n. sp Plate II, fig. B 

Bheli small, thin, translucid with a nacreous lustre, oblong 
inflated, straight on the anterior side, rounded dorsally and 
ventrally, almost angled at the anterior dorsal corner. Umbo 
slightly projecting. A thin membranous epidermis clothes 
the valve Sculpture regular- spaced elevated growth-hneg. 
Hinge with a few anterior teeth, and a long row of posterior 
teeth which increase in size as they recede from the chondro- 
phore. Height, 2 2 mm ; length, 1*48 mm. 

A pair of valves. 

The above is the third species recorded from the Southern 
Hemisphere. D albuiuin was described by Pelserieer (Result 
Voy. “ Belgica,” Moll,, 1903, p, 27, pi vm, f. 10) from 200 
fathoms in the South Pacific, near the Antarctic ice-barrier 
D, fahaU was described by myself (P.Tj.S.N.S.W., xxix, 1904, 
p 199, pi. X, f 89) from 100 fathoms off Wollongong, N.S.W. 
From Marion Island E A Smith has published Dacrydium 
'tneridiovahSt but Bernard has shown (Journ. de Conch , xlv, 
1897, p. 8) that this is probably a Pktlobrya. 

The novelty appears to differ from D. aibidum by its rough 
surface and by its greater length in proportion to height. 
From its nearer ally H. j abate u differs by the stiaight edge 
of the anterior margin, and by being smaller and proportionaUy 
shorter. 


Cochlodesma angasi, Crosse and Fischer 

Pgrqdorm angasi, Crosse and Fischer, Journ. de Conch., 1864, 
p. 349* 186*5, p. 427, pi. xi,f.J. 

A single valve. 

Verticordia rhomboidea, n. sp. Plate II, figs. 12, 18, 14, 

Shell inflated, subrhomboidal, inequilateral, right valve 
slightly clasping over the left along the dorsal margin, sub- 
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stance very brittle, easilv flakuifi; ott Umbos incurved, rather 
distant, usual Iv eroded Lunule slightly excavated, dorsal 
area defined bv the radial ribs. Sculpture, no incremental 
growtli-lines, about rwcntv-two prominent sharp radial ribs 
which fitionglv denticulate the margin and imprint the nacre- 
ous interior, the suiface has everywhere close-set grams 
v;hieh develop minute shaip prickles Bight valve with a 
large conical tooth under the lunule, and a posterior lateral 
beneath the dorsal area Loft valve with a minute tooth 
under the umno and no lateral; ossicle not found Height, 
5 mm , length, 5*75 mm 

Seveial specimens were taken. 

The species apparently belongs to the subgenus Haliris, 
Dali The genus, which is an acquisition to New Zealand, 
lately occurs so high in the batnymetrioal scale Fischer 
proposed (Man C>onch , p, 188) the term “ verticordia zone ” 
lor the upper half of the abyssal region 

Cuspidaria traillii Hutton. Plate II, figs. 9, 10, II. 

Necera trailli, Hutton, Cat Marine Mollusca of New Zea- 
land, 1873, p. 62 

One small and several broken shells were dredged. I have 
derived a figure from a specimen, 15 mm. in leuigth, taken by 
Mr. A Hamilton in Dusky Sound. 

Cuna delta, Tate and May. 

Carditella delta, Tate and May, Trans. Boy Soo. S.A., xxiv, 
1900, p. 102 Cuna delta, Hedley, Mem. Austr. Mus., 
IV, 1902, p. 316. 

Four separate valves. 

Venericardia lutea, Hutton Plate I, fig. 6. 

Cardita latea, Hutton, Man. N.Z. Mollusca, 1880, p. 169, 

The history of tliis species is complicated Hutton applied 
his name to the shell introduced by Deshayes (P Z 8 , 1862 
(1854), p, 101) as Cardita zealandtea, because that clashed 
with Veiuricardta eexlandim, Poticz and Michaud (Gal. des 
Moll., a, 1844, p, 166). Glancing aside, I might here remark 
that the latter species appears to have been misunderstood by 
all writers on the New Zealand Mollusca, and that the de- 
scription of Potiez and Michaud is evidently meant for Chtouc 
^tutchbuiyi. Gray. Finally, Hutton united (P.L.S.N.S.W , ix, 
1884, p. 627) his C, lutea to the Chilian Cardita compresm, 
Beeve. This identification I am unable to support. 

The species was a common one where we dredged. An 
example selected for figuring is 7 mm. long and 8 mm. high. 
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Tmnmcttou^ 


Divaricella cumingii, A. Adams and Angas. 
htLCina cuviingn. Ad and Angas, Proc Zool Soc,, 1863, 
p. 426, pi xxxvii, f 20 
Two odd valves. 

Loripes concinna, Hutton 

Loripes concinna, Hutton, Trans N Z Inst , xvii, 1884 
(188.5), p 323; xviii, p. 363. Id, Macleay Memorial 
Volume,’' 1893, p 83, pi. ix. f 90 

Three separate valves of this species wore found It has 
hitherto only been known as a Pliocene fossil I am indebted 
to Mr. Murdoch for the identification 

Thyasira fiexuosa, Montagu 

Tellina flexnosa, Montagu, Test. Brit , 1803, p 72. Luctna 
flexmsa. Woodward’s Manual, pi. xix, f 7 
A lew separate valves were obtained The species has not 
before been reported from New Zealand, but Mr Suter informs 
me that it was noted as Oryptodon sp. b\ Captain Hutton m 
the Cat. Mar Moll. N Z., 1873, p 76, and that it is in the 
Colonial Museum from Waikanae Beach 

In the selection of tlie generic name I have followed Dr. 
Dali (Trans Wagner Free Inst , ui, 1903, p. 1335) 

Neolepton antipodum, Fiihol Plate I, fig. 5 
Kelly a antipodum, Filhol, Compt Rend. Acad. 8ci., xci, 1880^ 
p. 1096. Neolepton antipodum, Bernard, Bull Mus d’Hist 
Nat., vii, 1897, p. 314. 

This species was represented by numerous separate valves. 
It has also occurred to us m 100 fathoms outside Port 
Chalmers, and was taken by Mr A Hamilton in Foveaux 
Strait It has not yet been recognised by local workers. The 
individual illustrated is 1 9 mm high and 21 mm. long 

This opportunity is taken of adding that Kellya suhorbf- 
oulans, Montagu, should replace Kellya cycladiformis, Desh , 
of the Index Faun. Nov. ‘Zealand., p. 91. 

Erycina parva, Deshayes. 

Kellia parva. Dash., Pro Zool Soc , 1866, p 182. Li, 
Tryon, Proc. Acad. Nat. Sci. Philadelphia, (2), lii, 1872, 
p, 231 Erycina acupuncta, Hedley, Mem. Austr. Mus., 
iv, 1902, p 321, fig. 60. 

The species appears to be more common in New Zealand 
than in Australia. Mr, B. Murdoch suggested their identity 
to me. Comparu^ the few separate valves by which the 
species is known in Australia, I fiud that the New Zealand 
specimens are larger, being 3*6 mm. in length and 2*27 mm. in 
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height, more solid, with stronger eoncentnc sulci I 

lielieve the two to be variants of one species. 

The New Zealand shell was named for me by Mr. H. 
Suter, for whom in turn it was determined by Dr W H. Dali, 
probably from co-tvpes distributed by Hugh Cuming. The 
occurrence of the species m space and literature induces me to 
suspect an error parallel to that of Leda fastuaosa, and to 
conjecture that it did not come from thes Philippines, but 
that It was originally diedged in New’ Zealand waters by 
F. Rtrange during the cruise of H M 8. Acheron ” m 1849. 

It has been detected by Mr R Murdoch in the Tertiary 
beds of Wanganui. 

Cardium pulchellum, Gray 

Caidium pidclLellum, Gray, Dieften bach's New’ Zealand, ii, 
1843, p 252 Jd,, Reeve, Conch. loon , li, 1844, pi. viii, 
hg 42 

Single and broken valves were dredged in plenty. 

Mactra scalpellum, Reeve 

Mactra scalpellum, Reeve, Conch. Icon., viii, Mactra^ pi. xix, 
fig, 106, Mav, 1854 Jd,, Deshayes, Proc. Zool. Soc , 1854, 
p. 65, Feb. iO, 1855. 

Several odd valves. 

'rhe species sliould be credited to Reeve, not, as is usual, 
to Deshayes, for the publication by Reeve was earlier by 
nearly a year. 

Corbula zelandica, Quoy and Gaimard. 

Coibula zelandtca, Quoy and Gaimard, Voy. “ Astrolabe,” 
Zool., lii, 1836, p, 511, pi. 86, figs. 12-14. 

A single valve. The type of the species was obtained in 
the Hauraki Gulf near by. 

C. eryihiodon, Lamk., is a much larger shell, differing m 
form and colour. It has been recognised by Lischke («Tap. 
Meers Conch., i, 1869, p. 136) as a Japanese species, and 
ought, I think, to be struck off the New Zealand list. 

Ptokopoda. 

This group is included here for convenience As Pelseneer 
has demonstrated, they properly belong to Gastropoda. 

CavoUnia tridentata, Forsk&l. 

Mnomta tridentata, ForskUl, Desorip. Anim., 1773, p. 124. 
OavoUma tridentata, Pelseneer, Chall. Rep., Zool, xxni, 

1888, p. 88 

A few specimens. 

This species is an addition to the New Zealand fauna. 
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Tranmctiom 


Cavolinia trispinosa, LeBueur 

Hycilma irtspuiosa, Lesueur, Diet Sci Nat , xxii, 1821, p. 82. 
Cavuhma trispiyiosa^ Pelseiieer, Chall Rep , Zool., xxiii, 
1888, p 7G. 

A few specimens 

Cavolinia inflexa, Lesueur 

HyaUm tnflexa, Lesueur, Nouv. Bull Soc Philoin , iii, 1813, 
p. 285, pi. V, fig 3. Cavolinia in/lexa, Ptilseneer, (Uiall 
Rep., Zool., xxiii, 1888, p 86. 

A couple of specimens. 

Cavolinia, sp 

A variation or ally of C longirnstris is present, but the 
specimens are not suitable for description. I have taken 
this species off the Australian coast, and expect to present 
an account of it shortly. 

Cuvierina columnella, Rang 

CuvuTia columndia, Rang., Ann Sci Nat , xiii, 1827, p. 323, 

L xlv, f 1-3 Guvierina> columneila, Pelseneer, Chall. 
p Zool., xxiii, 1888, p 84 

A single specimen, which adds a genus as well as a species 
to the fauna of New Zealand 

It may be here noticed that Cymbnlia parvidentata, Pel- 
seneer (Chall. Rep , Zool , xxiii, J888, p. 99, pi. ii, f. 12, 13) 
has been overlooked by the coinpileis of the Index Faunae 
Novae- ZealandisB ” 

Hktbropoda. 

Atlanta, sp 

Fragments of Atlanta, a genus not recorded from New 
Zealand, are present, but are too imperfect for specific detei- 
mmation. 


EXPLANATION OF PLATES I AND II. 
pLATt I. 

Pigs. 1, 2 Different aspects and maguifieo sculpture of foBlidioua , 

A. Adams, 

Figs, 8, 4 Interior aud exttfrior of Bathyarca cybuBa, Hedley, 

Pig 5 Exterior and hinge of Neolepton antipoaum, Filhol. 

Fig. 6 Exterior of Venefica^dia lutea, ilutton. 

Platr 11 

Fig. 7. Hinge and interior of Poroleda lanceolata, Hutton, 

Fig 8 Interior of Dacrydtum pelsemeri, Hedley. 

Figs. 9, 10, 11, Various aspects of Cuaptdaria trailU, Hatton. 

Figs, 12, 18, 14. Various aspects and magnified ioalptare of V§rttcardia 
rhomboUka, Hedley. 
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Akt. XVII . — On Home Forarninifera and Ostracoda obtained 
off Great barrier hlatul^ New Zealand. 

By Frkoekick Chapman, A li S., P R M S , Palaeontologist, 
National Museum, Melbourne. 

[Re^d before the Wellington Philosophical Society ^ 2nd August^ 1905 ] 

Plate III. 

Intropuctory Remarks. 

The following series of Fotamtnifera and Ostracoda was 
obtained fioin material collected during the dredging opera- 
tions earned out by Messrs Hedley and Suter, under the 
auspices of the Austialasian Association for the Advancement 
of lienee, at the Dunedm meeting in 1904 

The sounding from which the inicrozoa were selected was 
taken in iat. 36° 8' 8., long. 175° 55' E., off Great Barrier 
Island, North Island New Zealand, at a depth of 110 fathoms. 
This locality is not far from the “Challenger” station 169, 
where at a depth of 100 fathoms the water had a temperature 
of 56'2° * At this station, at a depth of 700 fathoms, sixty- 
six species of Foiamtmfera, but no Ostracoda, were recorded 
Of the Forarninifera, twenty-eight species are common to both 
localities, after making allowance foi changes in some of the 
specific names of the earlier record The Ostracoda are dealt 
with in detail in the sequel to this paper. 

The sounding off Great Barrier Island is remarkable for 
the extraordinary abundance of specimens of Btlocultna, Node- 
saria, Cnstellana, and Truncatuima, and their full develop- 
ment 18 indicative of especially favourable conditions of life m 
that particular area 

Another interesting feature of the present assemblage of 
Forammtfera is the presence of a large number of forms which 
have hitherto been found in dredgings from other, widely 
removed, areas, generally in the Northern Hemisphere, and 
particularly from the colder waters of the Temperate Zone. 

The following is a list of tho Foramimf era embodied in this 
report ; the species new to the New Zealand area, according 
to the hat given m Captain Hutton’s “ Index Faunae Novae- 
Zealandiae,” being marked with an asterisk. Of the 103 
species of Forarninifera enumerated, fifty-seven are new to this 
area, whilst one is new to science, and constitutes the type of 
a new genus 

"^Bitooulina puum, Sohlumberger. 
anomala^ Sohlum. 


Cball. Beports, Bumiuary of Besulti, pc. i, 1895, p. 605. 
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Transacttorifs . 


MU'iohna tnsignis, H. B. Brady. 

M circulaitHt Bom sp 
M keminuLum, Linn6 sp. 

vulgans, d’Orb sp 
M. bicornUt W. and J. sp 
M. agglutifuins, d’Orb sp. 

Plamspirifia kphcera, d'Orb. sp {Btlocuh^ia m ** Index 
Peloktna cytnuhica, Brady. 

P. vaiiabthSf Brady 
P roiiindata, Bradv. 

^ Br achy siphon corhuhformis, gen et sp. nov. 

Eeophax scorpiurus, Montforc sp. 

Baplophragmium canartense, d’Orb. sp. 

H. globigerimforme, P. and J, sp. 

‘"'jET cakareiinit Brady. 

Ammodiscua tenuis, Beuss. 

^Textularta cornea, d’Orb. 

T mconspicua, Brady, 

*T. trochus, d'Orb. 

**'r. turns, d’Orb. 

*T. gramen, d’Orb 

T gibbosa, var tuberosa, d’Orb. (P. aspera in Index 
Spiroplecta sagittula, Defr. sp. {Textularia in Index ’ 
♦S. sagittula, var, fistulosa, Brady. 

Clavulina communis, d’Orb. 

*C, rudis, Oosta sp. 

soldanii, J and P. sp. 

Bulimtna pyrula, d’Orb. 

*B. pyrula, var. smnescens, Brady. 

*P. marginata, d'Orb. 

B inflata, Segueiiza. 

Virgulina subsquamosa, Egger. 

*Boltvma robusta, Brady. 

’•‘P. karrertana, Brady. 

*Caastdultna lavtgata, d’Orb. 

C. subglobosa, Brady, 

*0. bradyi, J. Wright. 

"^Lagena elongata, Bhrenb. sp. 

*L, gractlhma, Seg. sp. 

L. striata, d’Orb. sp. 

*iy, suloata, W. and J. sp 
L. Jusptda, Beuss. 

L* hexagona, Williamson sp. 

*L. laounata. Burrows and Holland, 

^^Nodosana hxspida, d’Orb, 
pyrula, d'Orb. 

(h,) consobrma, d’Orb. sp. 

(D,) eonsobrina, var. emaciaia, Beuss. 
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' N. (1) ) tiUjoiimSy d’Orb 
(D ) farcimen, Reuss sp. 

N (D ) Boiuta, ReuBs sp. 

(D,) pauperata, d’Orb. sp. 

(D.) roemeri, Neug, sp 
jV. f D.) obliqtoa, Lirjn6 sp. 

(D ) obkqua, var. rertebrahs, Batsch var. 
"^Frotuhcularta reussit Karrer. 

"^Margtmdnia glabra, d’Orb 
"^CnsteJlarm tennis, Bom sp. 

C remforniis, d’Orb. 

C, sckloenbacht, Reuss. 

C. tricarimlla, Reuss. 

C. italicn, Defr sp. 

C. latifrom, Braoy 
G ariiculata, Reuss sp. 

C. rotulata, Lam. sp. 

‘ 0. orbicularis, d’Orb. sp. 

C, cultrata, Montf sp. 
mamtlhgera , Karrer. 

*C ooatata, F. and M. sp. 

JJvtgenna asperula, Css. 

*0. pyginma, d’Orb. 

Bamulina glohuiifera, Brady ^ot noted in “ Index," but 
recorded by Brady west of New Zealand). 
lavts, Jones. 

Globtgsrina hull aides, d’Orb. 

G. triloba, Reuss. 

G. inflata, d’Orb. 

G. {egutlaterahs, Brady. 

Orbulilm nmversa. A’ Orh, 
l^haroidtna bulloides, d’Orb. 

Fullenia sphcsroides, d’Orb. sp. 

P. quinqueloba, Reuss sp. 

"^'Truncatulina tenuimargo, Brady. 

*r. reticulata, Cz. sp. 
r. ivuellerstorfi, Schwager sp. 
r. lobatula, W. and J. sp, 

’‘‘T. vanahihs, d’Orb. 

*r. tmgertana, d'Orb. sp. 
r. akneriana, d'Orb. sp. 

T, pygmaa, Hantken. 
tewitngfen, d’Orb. sp. 

*r. (?) prmoincta, Karrer sp. 

"^AnofHiUtna polymorpha, Oosta. 

Pulvinuhna truncatnilinoides, \A*Oth, sp. (m Index’’ as 
mtchsliniana), 

P. orassa, d’Orb. sp. 
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Tranmctions, 


P. canarmiHiH, d’Orb. sp. 

’’'P. auricula, F and M sp. 

P. schreiberm, a! Orh sp. 

Bo tail a soidanii, d^Orb. 

‘'P. papillosa, var compresstuscula , Brady 

B clathrata, Brady 

Nomonma uvibihcatuta, Montagu sp. 

Beferences given below are restricted to tne original re- 
cords and one or two of the more important of later date. 

Order FOBAMINIFERA. 

Family MILIOLID^. 

Subfamily Miliolinin.*;. 

Genus Bllooulina, d’Orbigny. 

BiiocuUna pisum^ Schlumberger. 

Bdocuhiia ptsurrit Schlumberger, 1891, M6m. Soc. Zool. 

Prance, vol. iv, p. 569, pi. xi, figs 81-83, text-figure 81. 

This species la hardly distinguishable in external appear- 
ance from the nearly allied B, vespertiho, Schlumberger, ♦ 
and B bradtt^ Schl I ; the shape of the aperture being one 
of the characters which separate it. Upon slicing the tests, 
however, the identity of our specimens with the above, B. 
pimnif IS at once appaient, since the internal arrangement of 
the chambers in their relation to one another, especiallv at 
the point of incurvation and fusion to the previous cham W- 
walf, is characteristic of this species and B. ooniata^ Brady 4 
The latter species is distinguished by its externally striated 
shell-surface ; the arrangement of the initial series of cham- 
bers is also different, and the wall of the first chamber in 
B, comata (form A) is thick, whilsD in J5. pisum (form A) it 
18 very thin. 

The original locality given by Schlumberger for B. pimn 
IS the Mediterranean. 

Although this form is quite common m the present senes, 
the tests all appear to belong to che inegalospherio type of 
shell (form A), as Schlumberger also found, 

BiiocuUna anomala, Schlumberger. 

Bilooulina anomalat Schlumberger, 1891, M6ra. Soc. Zool. 

France, vol. iv, p. 569, pi. xi, figs. 84-86, pi. xii, fig 101; 

text-figures 32-84. 

• Op* aupra oU*, p. 661. 

t Op* Bufra oU.t p. 667. 

J Rep. Chall,, vol. lx, 1884, p. 144, pi. lU. flgu. 9 a, b* 
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This species was found by Schliimberger m dredgings from 
the Mediterranean, at a depth of 555 meters. A solitary 
specimen, agteeing in all external chapicters with the above, 
18 found m our series 

Genus BOlliolina, Williamson. 

Miliolina insignis, Brady. 

Miliohna 7n{siyms, Brad}^, 18H4, Bep Cliall., vol ix, p 166, 
pi iv, figs 8, 10. 

This species is fairly common m the present series. It 
attains the unusual length of 3 mm 

M, nistfjms has a wide distribution and a great range in 
depth. One of the localities in w^hich ii has previously been 
found is Bass Strait, 150 fathoms 

Miliolina circulans, Bornemann sp 
Tnlocultna ciiculaiis, Bornemann, 1865, Zeitschr. d deutsoh. 

geol. Gesellsch., vol. vii, p. 849, pi. xix, fig 4 
Mihohna crrcularis^ Born, sp , Millet, 1898, Journ B. Micr 
Soc., p 499, pi xi, figs 1--3 

Only one example of this form occurs in our senes, and 
this 18 fairly typical. Millett’s specimens were obtained from 
the Malay Archipelago. Egger records it (“ Gazelle " Exped.) 
from two stations on* the Australian coast, and the “ Chal- 
lenger obtained ii in Bass Strait. 

Miliolina seminulutn, Linn^ sp. 

Serpula sem%nulum^ Linn6, 1767, Svst. Nat., i3th ed., p. 1264, 
No. 791 

Mtliolina senunulum, Lmn4 sp., Brady, 1884, Rep. Chali , 
vol. IX, p. 167, pi. V, figs. 6 n-c. 

One small but otherwise typical example of this widely 
distributed form oocuis m our senes. 

Miliolina vulgaris, d’Orbigny sp. 

Qutnqtmlocuima vulgaris ^ d’Orbigny, 1826, Ann. Bci. Nat , 
vol vii, p. 802, No. 88, 

vulgaris, (t’Orb., Schlumberger, 1898, M6m, Boc, G6oi. 
Prance, vol, vi, p. 207, pi. ii, figs. 66, 66 , woodcuts, figs 
13, 14. 

As a recent species this is usually recorded under the name 
of Miliohna aubenana, d’Orb sp. Its nearest geoCTaphioal 
occurrence to the present one is in the Malay Archipelago, 
where it was found" by Millett. It is also an abundant form 
in the Tertiary deposits of Australia. In the present series it 
is not uncommon. 
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TrO/nHactiom 


Miliolina bicornis, Walkei and Jacob Rp. 

Serpula hicorniH, Walkoi and Jacob, 1798, Adams Essays,. 
Kaninachei’s ed , pf633, pi. xiv, fig 2 

Mtltohna htcornta, W and J sp , Goes, 1894, K. Svenska 
Vet.-Akad Handlingar, vol xxv, p 113, pi xxi, figs 860, 
861. 

Occasional examples of the above species were met with in 
the present material It is a widely distributed form, and la 
most abundant in quite shallow water, the depth at which the 
present soundings were taken, 110 fathoms, being near the 
deepest limit of its occurrence 

Miliolina agglutinans, d'Orbigny sp. 

Qu%nquelocuUna agqltUinms, d’Orbigny, 1839, Foraxn. Cuba,, 
p. 168, pi xii, tigs 11-13. 

Mtltohna aggluii'tiafis, d’Orb. sp , Goes, 1894, K. Svenska 
Yet.-Akad Handl., vol. xxv, p. 110, pi. xix, fig. 848, and 
plate XX, fig 849. 

Only one typical example of this widely distributed speoies 
occurred in this series. 

Subfamily HAUEKiNiNiB. 

Genus Planiepirina, Beguen^sa. 

Planispirina sphaera, d’Orbigny sp. 

Plate 111, figs 1 a, b. 

Btlocukna sphcBra, d’Orbigny, 1839, Poram. Amir. M6rid., 
p. 66, pi viii, figs, 13-16 Brady, 1884, Rep. Chall , vol. ix, 
p. 141, pi. 11 , figs, 4 a, 6 

Plautsptnna uphara, d’Orb. sp., Schlumberger, 1891, M4tn. 
Soc. Zool Prance, vol. iv, p. 577, text-figures 46, 46. 

The examples in the present collection all show the normal 
V-shaped aperture, with one exception ; this is of larger 
dimensions, and has a labynnthic orifice (see figure). The 
smaller specimens have diameters ranging from 0*425 mm. to 
0*8 mm., whilst the specimen with a labynnthic aperture haa 
a diameter of 1*4 mm. 

This species, although never very abundant, is well dis- 
tributed l^th as to geographical range and depth. It haa 
already been recorded from this locality at station 169* 
(‘‘Challenger ”). 
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Family ABTBOBHIZIDiE. 

Subfamily Abtbokhizin^ 

GenuB Peloaina, Brady, 

Pelosina cylindrica, Brady. 

Pelosina cylindiica^ Brody, 1884, Kep Chall., vol. ix, p 236, 
pi. XXVI, figB 1-6 

The occurrence of this spocies at a depth of only 1 10 fathoms 
)B inteiesting, since in the “Challenger" dredgings it was 
an essentially deep-water form ; the least depth at which it 
was found was 620 fathoms It was also recorded from the 
Challenger " station 169, in 700 fathoms The “Gazelle" 
■expedition obtained this species, however, at 82-86 meters 
{44 to 47 fathoms), from Western Australia 

Our specimens are typical, and of the normal size. The 
walls of the test are formed of a fine grey calcareous mud. 
Somewhat common. 

Pelosina variabilis, Brady. 

Pelosina variabtltSf Brady, 1879, Quart. Journ. Micr. Sen, 
vol. xix, n.s., p. 30, pi. hi, figs. 1-3. 

This interesting form is rare in our series. It was found 
in the “Challenger" dredgings at station 169, near to the 
present locality, at a depth of 700 fathoms 

Pelosina rotundata, Brady. 

Pelostfia foiundata^ Brady, 1879, Quait. Journ. Micr. 8ci , 
vol. xix, n.8 , p 81, pi, lii, figs. 4, 6. 

The specimens found in our samples are not so evenly 
shaped as usual, but there seems to be no doubt of their iden- 
tity with the above species. 

The “ Challenger" soundings from near this locality have 
yielded the same species at a depth of 700 fathoms. 

Subfamily Bhabdammininzs. 

Genus Bxstchysiphon, gen. nov. 

(Deriv. — short; a tube). 

Generic Characters, — Test tubular, short, open at both 
ends or closed at one ; consisting of an inner chitiuous tube 
morusted with sand-grains or small foraniiniferal tests, as 
Ghbigenna^ in the only species at present known. Aperture 
more or less circular, bordered by the thickened chitinous 
lining of the interior. 
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Brachysiphon corbuliformis^ st). nov 
Plate ni, figs 2 a, h, 3 

Dcscftptwn — Test roughly cylindrical, bhoit; orally de» 
pressed, also basally when aouble-apertured , n regular in out- 
line , composed of sand-grams and tests of other jPomwitm/era^ 
as Glohiqerina, cemented to a brown chitinous base or in- 
ternal lining Aperture more or less circular 

Diniensiona — About 0 8mni in diainoier Aperture about 
0 28 mm acioss 

This species lemmdh onf5 of Pioteontna dtjffiugiJormiSy 
Brady sp , var tesiacea, Flint/' in its general appearance. 
It differs morphologically, however, in having a cylindrical 
cavity instead of an inflated chamber 

Rather common. Off Great Barrier Island, New Zealand, 
110 fathoms 

Family LITlIOLIT);p: 

Subfamily Lituolinjs 
Genus Reophax, Montfort. 

Reophax scorpiurus, Montfort sp. 

Beophax scorpturus, Montfort, 1808 Concbyl. System., vol. i, 
p 330, 83e genre Brady, 1884, Rep Chall., vol. ix, p. 291, 
pi. XXX, figs. 12-17 

Only two specimens of this widely distributed form occur in 
our senes Tne test, in each example, is formed of loosely 
cemented sand -grains. One specimen has a blunt termina- 
tion, whilst the other gradually tapers to a j>oint. 

Genus Haplophragmiiun, Reusa. 
Haplophragmium canariense, d’Orbigny sp. 

Nomofttna canariensis, d’Orbigny, 1839, Poram. Canaries, 
p. 228, pi. ii, figs 33, 34 

Haplojihragmium cajuirisnse, Brady, 1884, Rep. Chall , vol. ix, 
p. 310, pi. XXXV, figs, 1-5. 

Several very fine and typical specimens occur in this 
dredging. Their tests are of a yellow to a ruddy-brown 
colour, and th(3ir texture somewhat coarsely arenaceous. It 
18 a widely distributed form m recent deposits. 

Haplophragmium globigeriniforme^ Parker and Jones sp. 

Lttuola nauhioidea^ var. globigenm/ormiSf Parker and Jones, 
1866, Phil. Trans., vol civ, p 407. pi. xv, figs. 46, 47. 
Haplophragimum globtgenm forme, P. and J. sp., Brady, 1B84, 
Rep. Chall,, vol. ix, p. 312, pi xxxv, figs. 10, 11. 


* Rep. U.S. Nat. Mue. for 1897 (1899). p. 278, pi. x?i, fig 1 
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Brady regards tms species as essentially of deep-water 
habitat, and it is consequently nut surprising to lind it but 
rarely in the sounding o0 Great Barrier Island One of the 
specimens was accidenrally broken, and showed the test to be 
very thin, and formed of almost uniform sand-grams very 
neatlv cemented, and having a smooth surface both on the 
interior and exterior In our specinnui the chambers increase 
very rapid Iv in size with growth. 

H, glohiycTtu'fforme has been recorded from the “ Chal- 
lenger ” sta. 189, at 700 fatlioms 

Haplophragmiiun calcareum, Brady. 

Haplophragmtum calcareum, Brady, 1884, Kep Ohali , vol. ix, 
p. 302, pi xxxni, figs. 5-12 

A typical specimen occurs in our senes It is almost 
entirely a tropical species, an exception occurring, in the 
** Challenger ” records, off Svdney, 410 fathoms 

Subfamily TROOHAMMiNiNiB. 

Genus' Ammodiaoua, Beuss. 

Ammodiscus tenuiSt Brady 

Ammodiscus tentm, Brady, 1881, Quart Journ Micr. Sci., 
vol. xxi, n 8., p 51. Id , 1884, Bep. Ghall., vol. ix, p. 332, 
pi xxxviii, figs 4-6. 

The form distinguished as A. tenms occurs with some 
frequency in our sounding It has been previously recorded,* 
in company with A, incertns, d'Oib., from a neighbouring 
locality — station 169 ; and Dr Brady, indeed, threw out the 
suggestion that the form was perhaps only a local variety of 
the better* known and ubiquitous species incertns. 

Dr. Bhumbler has also remarked about this species,! 
“ Die Scheibe ist dunner, die welcher sie vieileicht die mega- 
losphkrisohe Form darstellt.” 

A general examination of our specimens showed the initial 
portion of the coil m every case to commence with a more 
or less swollen protoconch or (?) megalosphere. This is 
subject 10 much variation in siae, which at first seemed to 
lend support to tne idea that a inicrosphere might be present 
in A. tenuis. To conclusively settle this doubtful point, how- 
ever, it will necessitate the examination of a further senes of 
specimens. 

* OhaHo Summary of Bosolts, vol. i, 1895, p. 605. 
t Aroaiv ffir Protlsitkikutide, vol. iii, 1903, p. 981* 
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The initial portion of the shell is subspheroidal, and seems 
CO be merely an inflation of the tubular part of the shell. 
The dimensions of some of the initial chambers in their longest 
diameter are as follows . Specimens hguied by Brady — 360 /i. 
and 300ft From the present senes- lOOfj, 75/i, 50ft 

Family TEXTULAEflD^ 

Subfamily Textulakiin^, 

Genus Textularia, Defrance 
Textularia cornea, trOrbigny. 

Textularia cotnea, d’Orbigny, 1839, Foram Cuba, p 135, pi i, 
figs 19, 20 Brad}, 1884, Kep Chall., vol. ix, p 865, 
pi. xlni, figs. 13, 14 ; pi. exui, figs \ <i, h 

One. characteristic specimen. 

Textularia inconspicua, Brady. 

Textularia tnconspicua., Brady, 1884, Bop Chall., vol. ix, p. 357, 
pi. xlii, fig. 6 Millett, 1899, Journ R. Micr. Soc , p. 667, 
pi. vii, fig. 1. 

One specimen of this elegant little form occurs m the 
present series The localities previously recorded for this 
species are — ofi' East Moncceur Island, Bass Strait ; Nares 
Harbour, Admiralty Islands , the Hyalouema ground, south of 
Japan, and the Malay Archipelago 

Textularia trochus, d’Orbigny 

Textularia trochus, d’Orbigny, 1840, M6m. Soc G6ol. France, 
vol. IV, p. 46, pi. IV, figs. 26,26. Brady, 1884, Rep. Chali , 
vol IX, p. 366, pi xlni, figs 15~19; pi. xliv, figs. 1-3. 
Egger, 1893, Abhandl. k haver. Akad. Wise., cl. ii, voi 
xviii. p. 273, pl.vi, figs 37, 38" 

Two fairly well grown specimens occur in the present 
senes, having non-limbate sutures 

Textularia turris, d’Orbigny. 

Textula/na turns, d’Orbigny, 1840, M4m. Soc G4ol. Prance, 
vol. IV, p. 46, pi. iv, tigs 27, 28. Brady, 1884, Rep. Chali , 
vol. ix, p. 366, pi. xhv, tigs 4, 5. 

It 18 interesting to meet with this species off Great Barrier 
Island, since n is rare m the recent condition. It has only 
been observed previously off Culebra Island, 390 fathoms, and 
off the coast of South America, south-east of Pernambuco, 
860 fathoms 
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Textularia gramen, d’Orbigny 

Textularia gramen, d’Orbigriy. 1846, Forara Foss. VieniK*. 
p. 248, plate xv, figa 4-6 Egger, 1893, Abhandl. k. 
bayor. Akad. Whs , cl n, vol xvui, p 272, pi vi, 
figH 24-26 

Two charaeteriatic apecirnena of this well 'distributed form 
occur in our senes 

Textularia gibbosa, var tuberosa, d’Orbigny. 
Textula/ria tuberosa, d'Orbigny, 1826, Ann. 8ci Nat , vol vn, 
p 263, No 26 

T. aspera, Brady, 1882, Proc. E. Soc fldin . vol xi, p 716. 

Id , 1884, Kep Chall , vol ix, p 367, pi xliv, figs 9-13. 

T. gibbosa, forma tuberosa, d’Orbigny, Fornasini, 1903, Mem. 
Acc. Sci Ist Boiogna, ser v, vol x, p 300, pi. O, fig 2. 

The recent examples are better known under the name of 
T, aspera, Brady, wnich is, however, identical m its essential 
characters with the earlier-described T tuberosa. Our speci- 
mens have the ruddy-brown tests similar in colour to the 
examples found in North Atlantic 

Oonus Spiroplaota, Ehrenberg. 

Spiroplecta sagittula, Defrance sp. 

Textularia sagiUula, Defrance, 1824, Diet. Sci. Nat., vol. xxxii, 
p. 177 ; 1828, vol Ini, p 344; Atlas Conch., pi. xiii, fig. 5. 
Spiroplecta sagUtula, Defr sp., J. Wright, 1891, Proc. B. 
Irish Acad , p. 471. 

This species and the following variety attain to a great 
length in this deposit, soma of the specimens measuring 4 mm. 
r. sagittula was found off the coast of New Zealand (sta. 169) 
by the “Challenger," 

Spiroplecta sagittula, Defr. sp., var. fistulosa, Brady. 
Plate III, fig. 4. 

Textularia sagittula^ Defr., var. fistulosa, Brady, 1884, Bep. 
Chall., vol ix, p. 362, pi. xiii, figs. 19-22. 

This variety is much more abundant in the present series 
than the specific form, and attains approximately the same 
length. 

Genus OlavuUna, d’Orbigny. 

Clavuiina communis» d’Orbigny. 

ClavtUina communis, d’Orbigny, 1826, Ann. Soi. Nat., vol. vii, 
p. 268, No. 4. Brady, 1884, Bep. Chall., vol. ix, p. 894, 
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This species is not at all common, but typical speci- 
mens occur, measuring about 3 nmi in length It has been 
already recorded from the Southern Ocean, and is more com- 
monly found in the Southern Hemisphere 

Clavulina rudis, Costa sp 

(rlandnlina ludts, Costa, 1867, Mem R Acc Sc. Napoli, 
vol n, p 142, pi i, tig 12 

ClavuLina cylindrical Hantken, 1876, Mittheii Jahrb d. k 
ung geol Anstalt, vol iv, p 18, pi i, fig 8 
C rudts, Cobia sp , Fornasini 1883, Boll. Soc. (ieol. Ital , 
vol XI, p 184, pi. ii, fig 4 \ Silvestri, 1904, Mem 

d. Pontif. Accad Rom d Nuovi Lincei. vol xxii, p 269, 
p 262, text-figs 8-10 

Several specimens were found, agreeing m all essentials 
with the forms figured by previous autliors 

The “Challenger” discovered this species (recorded as 
G. cyhndnca by Brody) on the west coast of New Zealand, 
at 275 fathoms 

Clarulina soldanii, Jones and Parker sp. 

Lxtuola soldamty Jones and Parker, 1860, Quart Journ 
Geol Soc., vol. xvi, p. 307, No 184 
Haplostiche soldantt, J. and P. sp , Brady, 1884, Rep. Chall., 
vol ix, p. 318, pi. xxxii, figs 12-18 
Olavukiia sold aim, J and P sp., Gof^s, 1896, Bull. Mus 
Comp. Zool Harvard, vol xxix, No. 1, pt. xx, p. 37, 
pi. IV, figs 39-46. 

Goes has shown that certain slender forms of this species 
exhibit a defirute valvuhne aperture, whilst others have a 
modified labynnthic opening 

Our specimens clearly display the valvuhne character of the 
aperture 

Not uncommon 

Subfamily HuLiMiNiNiE. 

Genus Bulimiua, d’Orbigny. 

Bulimina pyrula, d’Orbigny. 

Bulumna pifrula, <rOrbigny, 1846, Poram. Foss. Vienne, 
p. 184, pi XI, figs 9, 10. Flint, 1899, Rep. U S. Nat. 
Mus (1897), p. 290, pi. xxxvi, figs 4, 6. Millett, 1900, 
Journ. R. Micr Soc., p. 275. 

Several speoimeris, with thin glassy tests, occur in the 
present series. 

B. pyrula was also found at station 169 by the Chal- 
lenger." 
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Bulimina pyrula, d’Orbigny, var. spinescens, Brady. 

liuhmina pyriila, d'Orbigny, var. mmscens, Brady, 1884, 
Bep. Chall , vol. ix, p 400, pi. 1, figs 11, 12. 

Occasional in our series It has occurred off the coast of 
Norway (Parker and Jones), and off Ki Islands, Eastern 
Archipelago, 680 fathoms (Brady) 

Bulimina marginata, cVOrbigny. 

Bulwmia rnarginata, d'Orbigny, 1826. Arm Sci. Nat., voL vii, 
p 269, No. 4, pi XU, figs. 10-12 Egger, 1893, Abhandl. 
k. haver. Akad. Wiss , cl ii, voi. xviii, p. 287, pi. viii, 
figs 69, 70 

This widely distributed form is abundant in the sounding 
off Great Batner Island. 

Bulimina inflata, Beguenza. 

Bulimina mflata, Beguenza, 1862, Acii Aocad. Gioenia Sci. 
Nat , ser. 2, vol. xviii, p 109, pi i, fig 10 Millett, 1900, 
Journ. R. Micr Boc., p. 279, 

The above species has a somewhat wide distribution. It 
is rather unusual to find it at a depth of only 100 fathoms, as 
It is a fairly deep-water species 

A single specimen occurred in our series 

Genus Virg^ulina, d’Orbigny. 

Virgulina subsquamosa, Egger. 

Virguhna subsquumnaa^ Egger, 1867, Neues Johrb. fiir Min., 
&c., p. 296, pi. xii, figs. 19-21. Brady, 1884, Rep. Chall., 
vol. ix, p. 415, pi. hi, figs. 7-11 

This species is rather abundant in the present sounding. 
It does not appear to have been found before in this locality. 
It has been recorded, however, from station 165 b (“ Chal- 
lenger’’) between Sydney and New Zealand 

Genus BoUvitia, d’Orbigny. 

Bolinna robusta, Brady. 

Bolivina robuBta, Brady, 1884, Rep Chall., vol. ix, p. 421, 
pi. liii, figs 7-9. Millett, 1900, Journ. R. Micr Soc , 
p. 648. 

Our specimens are rather small, but otherwise typical. 
It is apparently new to this particular area. 
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Bolivina karrenana, Brany 

Boltvtna karrenaWy Bratiy, 18B1, Quart Journ. Micr 8ci , 
vol. XXI, n 8., p 58 Id y 1884, Rep Cball , vol ix, p. 424, 
pi liii, figs 19-21. Millett, 1900. Journ R. Micr. Soc., 
p. 546. 

The finer washings from the sounding off Great Barrier 
Island have yielded this species in ai)undance It is new to 
the New Zealand area Among othei places recorded are 
Western Australia by Egger (“ Gazelle") at 359 meters, an<l 
from the Malay Archipelago by Millett 

Subfamily Casbidux^inin f.. 

Genus Oaaaidulina, d'Orbigny. 

Cassidulina laevigata, d’Orbigny. 

Cmhidulvna lavtgaCay d’Orbigny, 182G, Ann Sci. Nat., vol. vii, 
p 282 (No 1), pi XV, figs 4, 5, module No 41 A. Sib 
vestri, 1896, Pontif. Acoad. Nuovi Lincei, vol. xii, p. 108, 
pi, 11, fig 10 

Two specimens were found in our series The species has 
a wide distribution, and has been found in the Southern Ocean 
as far as the Antarctic ice-barner (Bradv) 

Cassidulina subglobosa, Brady. 

Cansidichna subgloboaay Brady, 1881, Quart. Journ Micr. Sen, 
vol, XXI, n.s , p 60 7d,, 1884, Rep. Ohall., vol. ix, p. 430, 

pi. liv, tigs 17 a-c. 

This species has already been recordea from the South 
Pacific, and also from the Southern Ocean. It is not in- 
frequent in the present collection, 

Cassidulina bradyi, J. Wrignt. 

CassiduLina bradyi (Norman MS.), J Wright, 1880, Proc. 

Belfast Nat Field Club, Appendix, p. 152. 

<7. bradyiy Norman, H. B Bradv, 1884, Rep. Chalh, vol. ix, 
p. 431, pi. liv, figs. 6-10 

This species has always been referred to on the authority 
of Norman. The first published refeience to it, however, was 
by Joseph Wright, who described it as “a crozier-shaped 
C<u>8tdvltna ” Several examples of this pretty species occur 
ID our series. It has been found in the South Pacific, but 
does not seem to have previously occurred near the present 
locality. 
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Family LAGENID.®. 

Siubfamily LAOKNiNifi. 

Genus La^ena, Walker and Boys 
Lagena elongata, Ehrenberg sp 
JihMa elongaia, Ehrenberg. 1854, Mikrogeologie, pi xxv, 
fig 1. * 

Lagena elongata, Ehr. sp,, Brady, 1884, Rep. Ohall,, vol, ix, 
p 457, pi. Ivi, fig. 29 Millett, 1901, Journ. R Micr. Soc., 
p 492, p] vni, fig. 10 
One specimen found, slightly curved. 

Lagena gracillima^ Beguenza sp. 
inifhonna gracitiinia, Beguenza, 1862, Poram Monotal Mess., 
p 51, pi 1, fig. 37 

Lagena gractihvin, Beg sp., A Silvestn, 1900, Mem. Pontif. 
Accad Nuovi Lincei, vol xvii, p. 245, pi. vi, fig. 42 
A specimen, resembling an attenuated pear ^shaped pipette, 
occurs in the present senes 

Lagena striata, d’Oroigny sp 

Oohna stnatay d’Orbigny, 1839, Forain Am6r. M6nd., p. 21, 
pi. V, fig 12 

Lagena stnala, d’Orb. sp , Goes, 1894, K Svenska Vet -Akad. 
Handl., vol. xxv, p. 75, pi. xm. figs. 732-736. Millett, 
1901, Journ. R Micr Soc , p 487. 

A perfect specimen was found in our sounding, showing a 
faint, oblique annulation of the neck 

Lagena sulcata, Walker and Jacob sp. 

Serpula (Lagena) striata sulcata rotundatn, Walker and Boys 
1784, Teat. Min , p 2, pb 1, fig 6 
Lagena sulcata, W and J sp , Flint, 1899, Rep U S. Nat. 
Mutt. for 1897, p 307, pi. Ini, fig 7 Millett, 1901, Journ. 
R. Micr. Soc., p. 488 

One specimen was found in our sounding, having thin but 
not expansive nbleis 

Lagena hispida, Reuss. 

Lagena htsmda, Reuss, 1858, Zeitsohr. d. deutsoh, geoL 
Geseilsch., vol x, p. 434 /</., 1863, Sitzungsb. d. k. Ak. 

Wiss. Wien, vol. xlvi, p. 335, pL vi, figs. 77-79. Brady, 
1884, Rep. Ghalb, vol. ix, p. 459, pi. Ivii, figs. 1-4 ; pi. hx, 
figs. 2, 6. Flint, 1899 (1897), Rep. U.S. Nat. Mus., p. 307, 
pi. lin, fig. 8. 

A typical specimen, having a slender neck, occurs in our 
series* 
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Lagena hexagona, Williamson np 

Entosolenia mquanvom^ var Jiexagona, Williamson, 1848, Ann 
and Mag. Nat. Hist., ser. 2. vol. i, p 20, ul. li, fig. 23. 
L<xgena k*>xagona, Williamson sp., Millett, 1901, Journ. R 
Micr. Soc , p. 8. 

A single typical specimen of this elegant form occurs in oui 
material 

Lagena lacunata, Burrows and Holland. 

Lagena lacnnata. Burrows and Holland, 1895, m Jones’s 
PalflBont Soc Mon , Crag Foram , pr li, p. 205, pi. vii, 
fif<. 12 

This species is distinguished from the better-known L 
castrensiH, Sch wager, by the depressions on the faces of the 
test. Millett regards both of these forms, perhaps rightly, as 
one variety of L. orbignyana. 

L, lacunata is not uncommon in our soundings. 

Subfamily NoDOSAUiiNiE. 

Genus Nodosaria, d’Orbigny. 

Nodosaria hispida, <i’Orbigny. 

Nodosaria ht^nda, d’Orbigny, 1B4G, Foram Foss. Vienne, 
p 36, pi. 1 , figs 24, 26. Fgger, 1899, Abhandl. k bayer. 
Akad, Wiss., cl li, vol. xxi, p 79, pi ix, figs. 23, 24. 

This is a very variable form, the only constant character 
being the hispid surface of the test 

A single specimen was found of! Great Barrier Island, 
which consists of two closely conjoined chambers with short, 
coarse prickles 

N. hisptda has been met with m the South Pacific, but not 
very near the present locality. 

Nodosaria pyrula, d’Orbigny. 

Nodosaria pyrula^ d’Orbigny, 1826, Ann. Sci. Nat., vol vii, 
p. 263, No. 18. Flint, 1899, Rep. U.S. Nat. Mus. (1897), 
p 309, pi. Iv, fig 4 Millett, 1902, Journ. R. Micr. Soc., 
p. 514. 

Three specimens of this sparingly distributed form occur 
in our senes. In each case the last chamber of the test is 
seen to contain a reddish-brown substance which is probably 
of the nature of dried protoplasm. 

N* pyrula has been recorded from various observing- 
stations in the South Pacific, but not from the present 
locality. 
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SubgenuB Dentallna, d’Orbigny 
Nodosaria (Dentalina) consobrina, d’Orbigny gp. 

Dentahua conaobnna, d’Orbigny, 1846, Foram. Foss. Vienne, 

E . 46, pi. li, figs. 1-3. Nodosarta (D.) comobrina, d’Or- 
ignysp., Brady, 1884, Kep. Cball,, vol. ix, p. 501, pi ixii, 
figs. 28, 24. 

A single specimen was found in our sample 

Nodosaria (D.) consobrina, d’Orb sp , var. emaciata, Beuse. 

Dentalina emaciata, Reiiss, 1851, Zeitschr d. deutsch geol 
Gesellsch., vol. in. p 63, pi in, hg. 9. 

Nodoaarm (D ) consobnna, d’Orb. sp , var. emactntaf Reuss, 
Brady, 1884, Rep Ch all., vol ix, p 602, pi. Ixn, figs 26,26. 

This slender variety is more common than the type form 
in the present senes. It has already been recorded from the 
South Pacific 

Nodosaria (D.) filiformis, d’Orbigny. 

Plate III, fig. 5 

Nodosaria fihformis^ d'Orbigny, 1826, Ann Sei Nat , vol. vii, 
p. 253, No. 14. Flint, 1899, Rep. U 8. Nat Mus (1897), 
p. 310, pi. Iv, fig 6. 

This species is distinguished by its long, slender, recurved 
test, with oval segments. It is not uncommon in the present 
series. Some of the specimens have a bulbous commence* 
ment, whilst others have the extremity attenuated and finely 
pointed. The latter variation agrees with the form figured by 
d'Orbigny under the name of DenUiltna eiegavs, 

N. (iJ,) Jiliformis has been recorded from the South Pacific, 
but not from the neighbourhood of Great Barrier Island. 

Nodosaria (D.) farcimen, Reuss sp. 

Dentalina farcivien, Reuss (after Soldani), 1863, Bull Acad. 

Roy. Belg., ser. 2, vol. xv, p. 146, pi. i, fig. 18. 

Nodosana farcimen, Soldani sp , Flint, 1899, Rep. U.S. Nat. 
Mus. (1897), p. 309, pi. Iv, fig. 5. 

One specimen of this universally distributed form found in 
our senes. 

Nodoiaria (D.) soluta, Reuss sp. 

Dentalina soUta, Reuss, 1851, Zeitschr. d. deutsch. geol. Ge- 
sellsoh., vol, iii, p. 63, pi. vii, fig. 4. 

Nodosaria soluta, Reuss sp., Flint, 1899, Rep U.S Nat. 

' Mus. (1897), p. 310, pL Ivi, fig. 8, Millett, 1902, Joum. 
R. Micr, Soo., p. 616. 
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This species is not uncommon in the present series. Its 
occurrence at 110 fathoms off Great Barrier Island is in ao-' 
cordance with Dr Brady’s remark that in the South Pacific 
this species affects shallower water than m other localities. 
N, ^D.) soluta has been recorded from the “ Challenger ” 
station 169 by Dr. Brady. 

Nodosaria (D.) pauperata, d’Orbigiiy sp. 

Dentahna pauperata, d’Orbigny, 1846, Foram Foss. Vienne,, 
p. 46, pi. 1 , figs 57, 58 

Nodosaria (D ) pauperata, d’Orb sp , Brady, 1884, Bep 
Chall , vol. IX, p 500, woodcuts, figs 14 a-c 
This species is fairly typical, and occurs frequently in our 
senes 

Nodosaria (D.) roemeri, Neugeboren sp. 

Dentahna roemeri, Neugeboren, 1856, Deiikschr. d k Akad 
Wise Wien, vol. xii, p 82, pi ii, figs 13-17. 

N (D.) roemeri, Neug. sp., Brady, 1884, Bep. Chall., vol. ix, 
p. 505, pi. Ixiii, fig. 1. 

This form has been recorded bv Brady as being chiefly 
found in the North Atlantic, at depths of less than 1,000 
fathoms It is therefore the more interesting to meet with 
It in the present sounding off Great Barrier Island at 
110 fathoms, where it is not uncommon. 

Nodosaria (D.) obliqua, Linn4 ep. 

Nautilus obliquus, Linn6, 1767, Svst. Nat , 12th ed., p. 1168, 
281 , 1788, Ihd , 13th (Gmelin's) ed , p. 3372, No. 14 
Nodosaria (D ) obiiqua, Linn4 sp , Brady, 1884, Bep. Chall, 
vol. ix, p. 513, pi. Ixiv, figs. 20-22. Gofis, 1894, K- 
Svenska Veteiiskaps-Akad Handl., vol. xxv, No. 9, p. 70, 
pi. xii, figs 691-696; pi xm, fig. 697. 

This 18 one of the most noteworthy species of Poraminifera 
irj the present senes, and is here very abundant. It is not 
uncommon to find specimens reaching the extraordinary 
length of 9 5 mm. Some of the shells a>e rather irregular in 
giowth, and tend to become sinuous 

N, (D.) obliqua has been previously recorded from ** Chal- 
lenger” station 169, near the present locality. 

Nodosaria (D.) obliqua, L. sp., vai. vertebraliSy Batsoh var. 
Plate III, fig. 5. 

Nouaiilus (Orthoceras) vertebralis, Batsoh, 1791, Conchy 1. dea 
Seesandes, p. 8, No. 6, pi. ii, figs. 6 a, b. 

Nodosaria pertebralis, Batsoh sp . Bradv, 1884. Rep. Chall., 
vol IX. p. 614, pi Ixiii, fig. 36 ; pi Uiv, figs. 11-14. 
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N. obliqiia, Ij sp , var rertehialis, Bacsch, Goc^s, 1894, K. 
SvenBka Vetenskaps Akad Ilaucll., vol. xxv, No. 9, p 70, 
pi. xm, figs 698, 699. 

That this form is only a variety of N ohltqua is clearly 
demonstrated by the present series of specimens. Indeed, it is 
eomewhat difficult to satisfactorily separate the variety from 
the species in some cases. 

Genus Frondloiilaria, Defranoe. 

Frondicularta reussi, Karrer. 

Plate III, fig 7 

Frondicularta remti, Karrer, 1862, Sitzungsb. d. k. Ak. Wise. 
Wien, vol. xliv, p. 441, pi. i, fig. 1. 

Three examples of an ovate, striated Frondicularta were 
found off Great Barrier Island. They are almost exactly 
matched by Karrer’s figured speounen, from the Miocene of 
the Vienna basin The narrowest of our specimens may also 
be compared with Karrer’s F, srulpta, figured on the same 
plate as the above These shells are obviously of the same 
type as the earlier-described F. annularta of d’Orbigny, ^ from 
the Miocene of Baden ; this, however, is a geneiaily broader 
form. 

This appeals to be the first occurrence of F, reussi in recent 
deposits. 

Genus Marginulina, d’Orbigny. 

Marginulitia glabra, d’Orbigny 

Margtnulma glabra^ d’Orbigny, 1826, Ann Sci Nat , vol. vii, 
p. 269, No. 6 , module No. 66. Brady, 1884, Kep OhalL, 
vol IX, p. 627, pi ixv, figs. 6, 6 Flint, 1899, Itep. U.8. 
Nat. Mus. (1879), p. 313, pi. lx, fig. 1. Millett, 1902, 
Journ. B. Micr. 8oc,, p. 626. 

Two specimens, one short and stout (typical), the other 
more elongated, were found in our series. 

Genus Orlstellaria, Lamarck. 

Cristellaria tenuis, Bornemann sp. 

Marginuhna tenutSf Bomemann, 1866, Zeitschr. d. deutsch. 

geol. Gesellsoh., vol. vii, p. 826, pi. xiii, fig. 14. 

Otisiellaria tmuis, Born, sp., Brady, 1884, Bep. Chall, vol. ix, 
p. 686, pi. ixvi, tigs. 21-23. Chapman, lo96, Proo. Zool. 
Soc. Loud., p. 83. 

A characteristic example of this elegant little cristellanan 
was found in our sounding. It has also been recorded from 


Foram. Fom, Vi«no«, 1846, p, 59, pi if, fig®. 44-47. 
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two places off the west coast of New Zealand, at 160 and|275 
fathoms (Brady). 

Cristellaria reniformis, d’Orbigny. 

Onstellarta remjormu, d’Orbinny, 1846, Foram. Foss. Vienne, 
p 88, pi. in, figs. 39, 40. Bradv, 1884, Rep. Chall , vol. ix, 
p. 539, pi Ixx. figs. 8 a,/) Chapman, 1895, Proc Zool. 
Soc. Lond . p 33. Flint, 1899, Rep. U.H Nat. Mus. (1897) 
p. 315, pi Ixii, tig 2. 

A single example was found in the present sounding This 
species has been previously recorded from the South Pacific, 
but IB always found sparingly. 

Cristellaria schloenbachi, Reuss. 

CmteffartascWoeniacAt, Rouss, 1862. Sitzungb d k. Ak Wiss 
Wien, vol. xlvi, p. 65. pi. vi, figs 14, 15. Brady, 1884, 
Rep. Chall., vol ix, p. 539, pi Ixvii, fig 7 Millett, 1908, 
Journ. R. Micr. Soc., p 253 

One fine example was found in our material 
The nearest recorded localities to the present appear to be 
Raine Island and the Malay Archipelago. 


Cristellaria tricarinella, Reuss. 

Cnstellana tncariuelia, Reuss. 1862, Sitzungsb. d, k. Ak 
Wiss. Wion, vol xlvi, p 68, pi vii, fig. 9 : pi xii fics 2-4 
Egger, 1898. Abhandl. k bayer Ak ^i88.,^cl. ii,VoVxviii! 
abth. 11 , p. 159, pi. xii, figs. 28, 29. 

This interesting cristellarian is fairly common in the 
present series The - Challenuor - records are all in the 

west coast of New Zealand, 
records this species from Mauritius, 
and on the west coast of Australia ('* Gazelle '*). 

Cristellaria italica, Defrance sp. 

Saryn^attahca. Defrance, 1824, Diet. 8ci. Nat., vol. xxxii. 
p 177 ,1827 vol. xlvii, p 344 . Atlas Conch., pi. xiii, 

sp., Flint, 1899, Rep. U.S 

™ tami at tar ■■ Challeag,, ■■ ,ut,o„. 'ia Z“o»te 
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Cristellaria latifrom» Brady. 

Cnsteilana LaH/rons, Brady, 1884, Bep. ChaiL, voL ix, p. 544, 
pi. Ixvm, fig 19; pi. cxiu, tigs. 11 a, b Flint, 1899, Bep. 
U S. Nat Mus. (1897), p 316, pi. Ixm, fig. 8 

This haodsome species is fairly well represented in our 
series by some broad but otherwise typical specimens. 

C. latzfrons was originally recorded by Brady from the 
“ Challenger ” station at Culebra Island, West Indies, 390 
fathoms, and off the west coast of New Zealand, 275 
fathoms. To these localities Flint adds Florida, and Gulf of 
Meiico, 60 to 210 fathoms 

Cristellaria articulata, Heuss sp. 

RobuLina articulata, Beuss, 1863, Sitzungsb d. k. Ak. Wiss. 
Wien, vol xlvui, p. 53, pi, v, fig 62 Cnstellana aritcu- 
lata, Beuss sp., Bradv, 1884, Bep, Chall., vol ix, p 547, 
pi Ixix, figs 1-4, 10-12. Flint, 1899, Bep U S. Nat. 
Mus. (1897), p. 317, pi Uiv, fig. 2 

It is of much iriieresc to add another locality for this some- 
what reatncted species. The previous records are Culebra 
Island, West Indies, 890 fathoms, and off Nightingale Island, 
Tristan d'Acunha, 100-150 fathoms (Brady) ; also Gulf of 
Mexico and off the Coast of Georgia, 169 to 276 fathoms 
(Flint). 

C, articulata is characteristic and fairly common in our 
sounding off Great Barrier Island. No examples of wild* 
growing forms such as Dr. Brady describes were met with m 
the present series. 

Cristellaria rotulata, Lamarck sp 
Lenticulites rotulata, Lamarck, 1804, Ann. Mua., vol. v, p. 188, 
No. 3; and 1806, vol. viii, ]^. Ixii, fig. 11. 

Orutella/ra rotulata, Lam. sp., Flint, 1899, Bep. U.S. N^t. 
Mus. (1897), p. 314, pi, Ixiv, fig. 4. Mxilett, 1^K)3, Journ. 
B, Mior. Soc., p. 257, 

This widely distributed species has alreai^ been recorded 
by the ** Challenger from station No. 169, off the east coast 
of New Zealand. It is not uncommon in our sounding off 
Great Barrier Island. 

Cristellaria orbkularis» d'Orbigny sp. 

MobuUnu orbicuiaru, d'Orbigny, 1826, Ann. Sci. Nat., vol. vii, 
p. 288, pL XV, figs 8, 9. 

OtiUclUmA crbieulwm, d’Orb. sp., Chapman, 1895, Pros. 
Zool. Soc. Lond., p. 38. Flint, 1899, Bep. 0.8. Nat. Mae. 
(1897), p. 817, pl.Txiv, fig, 3. 

4— Trans. 
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A single specimen was found in our material. This species 
has been recorded off Sombrero Island, West Indies; and 
from the South Pacific — amongst other localities mentioned 
by Dr. Brady — oft the west coast of New Zealand, 160 fathoms , 
off Sydney, 401 fathoms ; and off Moncoeur Island, Bass 
Strait, 38 fathoms Dr. Flint found this species m the Gulf 
of Mexico at 210 and 169 fathoms. 

Cristellaria cultrata, Montfort sp. 

Bobuitts culimtat Montfort, 1808, Couchyl S>8t , vol. i, p. 214, 
64e genre. 

Cr^stellarta ctdtraia, Montf sp , Flint, 1899, Bep. U.S. Nat 
Mus. (1897), p. 318, pi Ixv, fig 2 

This species is common and widely distributed It is 
somewhat abundant in our material 

Brady remarks of this species that it affects deeper water 
than the non-cannate C rotnlata, and that fine specimens are 
rarely met with at less than 100 fathoms. C. cultrata has 
been recorded by the ‘^Challenger” fioin station No 169, off 
the east coast of New Zealand. 

Cristellaria mamilligera, Karrer. 

Cnstellana rnamtUtgera, Karrer, 1864, “ Novara,” Exped., geol. 
Theil, vol. i, PalsBoni , abth. ii, p. 76, pi xvi, fig. 6. 
Brady, 1884, Bep. (/hail , vol ix, p. 653, pi Ixx, figs. 
17, 18 

The previous records of this species as a recent foim are 
by Brady — off Kandavu, Fiji, 210 fathoms, and off the Philip- 
pines, 92 fathoms One well-grown shell occurs in our ma- 
terial from Great Barrier Island. 

C mamilligera was found as a fossil by Dr Kan er in the 
Tertiary greensandstone of New Zealand (Oralcei Bay), and 
by C. von Giimbel m the nummulitic marl of the Bavarian 
Alps. 

Cristellaria costata, Ficlitel and Moll sp. 

NauHlus costatus, Fichtel and MolJ, 1798, Test. Micr., p. 47, 
pi. iv, figs. </,//, t 

Cnstellana costata, F. and M, sp , Brady, 1884, Bep. Gball., 
vol ix, p. 656, pi Ixxi, figs 8, 9. Millett, 1903, Jouxn. 
B. Mior. Soc , p. 258 

This is a rare form in recent deposits, the Challenger 
having only recorded it from tluee stations— at the Canaries, 
off Kandavu, Fiji, and off Kaine Island, Torres Stiait. 0. cos- 
Mia has also been reported from the shores of the Adriatic, 
and Millett observed, it in soundings from the Malay Archi- 
pelago. Two specimens were found off Great Barrier Island. 
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SubfatDily PoLyMOBPHININAS. 

Genua ITvigerlna, d'Orbjgny. 

Uvigerina asperula^ Czjzek 

Uvtgerina asperulaj Czjzek, 1848, Haidinger’a Naturwias 
Abhandl , vol li, p 146, pi xiii. figs 14, 15 Flint, 1899. 
Bep. [J,8 Nat. Mus (1897). p. 320, pL Ixvjii, fig. 4 Mil- 
lett, 1903, Jouni R. Micr. Soc,, p 267. 

, (7. asperula has been already recorded from New Zealand 
at “ Challenger station No 169 Somewhat common in 
our sample. 

Uvigerina pygmsea, d'Orbigny 
Uvxgertna pytjvtcea, (rOrbigny, 1826, Anri Bci Nat., vol vii; 
p. 269, pi. XH, figs. 8, 9 ; module No. 67. Goes, 1894, 
K Svenska Vet -Akad Handl., voi xxv p. 51, pi ix, figs. 
496-*501 Flint, 1899, Reo US Nat Mus (1897), p. 320, 
pi. Ixviii, fig. 2 Millett, 1908, Journ R. Micr Soc., p 269. 
Frequent in our sounding, but the specimens are not well 
develbped. 

Subfamily RAMULiNiMiK. 

Genus Ramnlina, Rupert Jones 
Ramulina globulifera, Brady. 

Ramulina glohulifera. Brady, 1879, Quart Journ. Micr. Sci.,, 
n.s , vol xix, p 272, pi. vin, figs 32, 33 Id., 1884. Bep. 
Chall , vol. ix, p. 687, pi. Ixxvi, figs 22-28. Bgger, 1898, 
Abhandl. k. bayer. Ak. Wiss., ci. ii, vol. xvui, p. 310, pi. ix, 
fig 62 Jones and Chapman, 1897, Journ, Lmn. Soc 
I^nd, (Zool ), vol XXVI, p 340, figs. 5-22. Flint, 1899, 
Rep. U.8. Nat. Mus (1897), p 321, pi Ixvin, fig. 6. Mil- 
lett, 1908, Journ, B, Micr. Soc., p. 274. 

This species has a wide distribution, but is best developed 
m the Southern Hemisphere The localities given by Brady 
are in the North Atlantic, the Nortii Pacific, and the South^ 
Pacific (off the west coast of New Zealand at 145 and 276 
fathoms, and near tiie Fiji Islands, and south of New Guinea). 
Bgger has recorded this foim from Western Australia, afid 
Millett has lately found it in the Malay Archipelago. 

The specimens from our sounding off Great Barrier Island 
are both numerous and large. 

Ramulina lietis, Jones. 

BcmtUifia Icevis, Jones (in Wright), 1876, Proc. Belf. Nat. 
Field Club, 1873-74, append, iu, p. 88, pi. in, fig. 19. 
Jones and Chapman, 1897, Journ lann. Soc. Lend. (Zool.), 
vol, xxvi, p. 839, figs. 1-4, Millett, 1903, Journ. R. Micr. 
Soc,, p. 274, 
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Not 80 conamon as the preceding species. Millett records 
it from the Malay Archipelago 

Family GLOBIGERINIDJi: 

Genus Globigerina, d‘Orbigny. 

Globigerina bulloides, d'Orbigny. 

Olobtgmna bulUndes, d’Orbigny, 1826, Ann Sci. Nat., vol. vii, 
p. 277, No 1 , modules Nos, 17, 76. Rliurnbler, 1900, in 
K. Brandt's Nordische Plankton, heft 14, p. 21, Bgs. 24-26. 
Millett, 1903, Journ. B. Mict Soc , p 686 
G. bulloides has been previously recorded from the east 
coast of New Zealand (sta. 169, '' Challenger ”), 

In our sample specimens are fairly connnon, but small. 

Globigerina triloba, Reuss. 

Glob*genna trtloba, Reuss, 1849, Denkschr. Ak. Wiss. Wien, 
vol. i, p. 374, pi. xlvii, fig. 11 Fornasini, 1899, Mem. 
R. Accad. Sci. Ist. Bologna, ser 5, vol vii, p. 581, pi. ii, 
figs 9, 10. 

G bulloides, d'Orb., var triloba, Reuss, Rhumbler, 1900, in 
K. Brandt B Nordische Plankton, heft 14, p 26 
This occurs in our sample with some frequency The speci- 
mens are small. 


Globigerina infiata, d'Orbigny. 

Olobigenna xnfiata, d’Orbigny, 1839, Forain. Canaries, p. 134. 
pi. 11 , figs. 7-9. Fornasini, 1899, Mem R. Acoad. Sci. Ist, 
Bologna, ser 5, vol. vii, p 677, pi. 1, fig. 3. Rhumbler, 
1900, and in K, Brandt’s Nordische Plankton, heft 14, 
p. 19, fig 19. Millett, 1903, Journ. R Micr. Soc., p. 687. 
This species is rather common in our sounding. It has 
already been recoided from the east coast of New Zealitnd 
(** Challenger" sta 169). 

Globigerina sequilateralis, Brady. 

Globigerina cequilateralis, Brady, 1879, Quart, Journ. Micr. 
Sci., n.8., vol. XIX, p. 71 Jd , 1884, Rep, ChalL, vol. ix. 
p. 605, pi. Ixxx, figs. 18-21 Fornasini, 1899, Mem. R. 
Accad Sci. Ist Bologna, ser 5, vol vii, p. 580, pi, iv, 
figs. 3, 4 Rhumbler, 1900, in K Branat's Nordische 
Plankton, heft 14, p. 20, figs. 21^28. Millett, 1908, 
Journ. R. Micr. Soc., p. 689. 

The above species has been previously recorded from the 
east coast of New Zealand (“Challenger" sta. 169). It is 
rare in our series. 
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Genus Orb^ina, d'Orbigny. 

OrbuHna universal d’Orbigny 

Orbulina umversa, d’Orbignv, 1889, Forarn. (^uba, p. 3, pi. i, 
fig. 1 Rhumbler. 1900, in K. Brandt’s Nordische Plank- 
ton, heft 14. p. 27, figs. 27-80 Millett, 1908, Journ. R. 
Micr. 8oc,, p 690. 

This species has been already recorded from the ** Chal- 
lenger” station 169, off the east coast of New Zealand, 700 
fathoms. 

f% Our specimens oi-e not numerous, and vary considerably in 
size. 


Genus Sphasroidlna^ d'Orbigny 
Sphseroidina buUoides, d’Orbigny. 

Sphmroidina huLlotdes, d’Orbigny, 1826, Ann Sci Nat , voL vii, 
p. 267, No. 1 , module No. 65 Flint, 1899, Rep. U.8. 
Nat. Mus, (1897), p. 326, pi. Ixxi, fig. 1. Millett, 1903, 
Journ K Micr Soc., p 692. 

This species is also one of the forms obtained from the east 
coast of New Zealand by the ** Challenger ” It is very ra^re 
in our series, 


Genus Pullania, Parker and Jones. 

PuUenia sphseroides, d’Orbigny sp. 

Nontontna spharoides, d’Orbigny, 1826, Ann. Sci. Nat., vol. vib 
p. 293, No. 1 ; module No. 43. 

PtUlewa sphcsroides, d’Orb sp , Egger, 1893, Abhandl, k. 
bayer. Akad. Wiss., cl. ii, vol. xvni., abth. ii, p 872, pi. xix, 
figs. 30, 31. Chapman, 1900, Proc. Calif Acad Sci., ser 3, 
Geol., vol. i, p. 262, pi. xxx, fig. 6. Millett, 1908, Journ. 
R Micr. Soc., p 691. 

One typical specimen of this widely distributed form 
found in our series, 

Pullenia quinqucloba» Beuss sp. 

Nonionina> Qumqueloha^ Reuse, 1861, Zeitschr. deutsch. geol. 

Gesellscn., vol. in, p. 47, pi. v, figs. 31 a, 6. 

Pulknia quinqudoha^ Beuss sp., Flint, 1899, Rep. U S. Nat. 
Mus. (1897), p. 824, pi. Ixx, tig. 6. 

^ This species is also very rare in tlie present series. It 
qas been recorded from the east coast of New Zealand 
(ita. 169). 
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Family KOTALIID^. 

Subfamily EoTALiiNiW. 

Genus TrunoatuUna, d’Orbiguy ^ 

Truncatulina tenuimargp, Brady 

Trt^,ncatnUna tenuimargot Bradv, 1BH4, Ren Ohall., vol ix, 
p. 662, pi. xciii, figs. 2, 3 J893, Ahhandl k. 

bayer. Ak. Wiss.. cl. ii, voL xviii, abth n, p 399, pi. xvi, 
figs. 7-9. 

This elegant little species is apparently almost confined to 
the Bonthern Hemisphere It has already been found olf 
the shores of New Zealand, and is a well-known Australian 
species. Our speoimone have the keel strongly accentuated, 
and the chambers showing a nodulous appearance on the 
inferior surface as m Brady's figure 2 
Not commoa in our sample. 

Truncatulina reticulata, Czj^sek sp. 

BotaUna reticulata^ Czjzek, 1848, Haidinger’s Naturw. Ab- 
handl., vol. ii, p. 145, pi xiii, figs 7-9 
Planorhulina reticulata Oz, sp , GoSs, 1896, Bull. Mus.' 

Cornp. Zool Harvard, vol. xxix, No 1, p. 72. 

Truncatulina reticulata, Cz sp , Flint, 1899, Rep. U.S. Nat. 
Mus. (1897), p. 334, pi Ixxvni, fig. 3. Chapman, 1901, 
Journ. Lmn Soc. Lond. (Zool), vol xxviii, p 194 Mil- 
lett, 1904, Journ. R Micr Soc., p 491 

T. reticulata has been previously found in the South 
Pacific, but It does not seem to have been recorded from the 
neighbourhood of the present locality It is very rare in our 
series. 


Truncatulina wuellerstorfi, Schwager sp. 

Anomahna wuelUrstorfL Schwagei, L866, ** Novara " Exped., 
geol Theil, vol ii, p 258, nl vu, fig 105, 

Truficatulma wuellerHorfi, Schwager sp , Flint, 1899, Rep. 
U.S Nat. Mus. (1897), p 833, pi Ixxvii, fig. 1. Millett, 
1904, Journ. R. Micr. Soc , p 492. 

The above species is represented in the present series by a 
fair numl>er of specimens. Tt does not appear to have been 
recorded from the vicinity of Gr(3at Barrier Island. 

Brady regards this form as of essentially deep-water habit. 
In the South Pacific its range in depth is from 210 to 1940 
iathoms, so that it is rather surprising to meet with ao man^ 
"typical specimens in our sounding at 110 fathoms. ^ 
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Truncatulina lobatula, Walkur and Jacob sp. 

Nautilus lobatulus, Walker and Jacoby 1798, Adams’s Essays, 
Kanmacher’s ed , p 642, pi xiv, fig. 36. 
rianorbulina iohatula, W. and J sp , 1894, K Bvenska Vet.- 
Akad Handl., vol xxv, p. 88, pi xv, fig. 774. 

Truficatulma lobatula, W. and J. sp., Chapman, 1902, Proc, 
K Soc. Edin , vol. xxiii, p 892, pi. i, figs. 2, 8. Miliett, 
1904, Journ R. Micr. Soc., p 491 

Three typical speounens were found in the present sample. 
The species has been already recorded from the east coast of 
New Zealand (sta 169), 

Truncatulina variabilis, d’Orbigny. 

Truncatulina rariabilis, d’Orbigny, 1826, Ann. Sci Nat., 
vol vii, p 279. No 8. Egger, 1893, Abhandl. k. bayer. 
Ak. Wigg., cl. 11 , vol. xvai, abih. li, p. 404, pi. xvi, 
figs. 67-59, 68, 64. Chapman, 1901, Journ. Linn. Soc. 
Lond (Zool.), vol, xxviii, p. 193 Millett, 1904, Journ 
H. Micr. Boo , p. 492. 

This species is rare in the present senes. The examples 
found are characteristic 

Truncatulina ungeriana, d’Oibigny sp. 

Botaliva ungermiia, d’Orbigny, 1846, Eoram. Foss Vienne, 
p. 167, pi viii, figs 16-18 

Flanorbulina ungenana, d’Orb. sp., Goes, 1894, K Svenska 
Vet.-Akad Ilandl , vol, xxv, i>. 00, pi. xv, fig. 780. 
Tnincaiulina ungenana, d’Orb. sp , Flint, 1899, Rep. O.B 
Nat. Mus. (1897), p. 333, pi Ixxvii, fig 2. Chapman, 
1901, Journ. Linn. Boo. Lond. (Zool.), vol. xxvui, p. 194. 
Millett, 1904, Journ. R, Micr. 8oc., p. 498. 

The specimens met with are fairly numerous, and one 
example shows a tendency towards a redundant growth of 
the last chamber. 

Truncatulina akneriana, d'Orbigny sp. 

Botalina ahieriana, d’Orbigny, 1846, Foram Foss. Vienne, 
p. 166, pi. viii, tigs. 13-15. 

TruucaUdiva akmrtana. d’Orb sp., Flint, 1899, Rep tJ.S, 
Nat. Mus, (1897), p. 383, pi. Ixxvu, fig. 6. Millett, 1904, 
Journ. R. Micr. ^c., p. 494. 

Three typical examples found. 

Truncatulina p7gmaea» Hantken. 

TrmcatuLina pygmcea, Hantken, 1875, Mittheil Jahrb. ung. 
t geol. Anstalt, vol. iv, p. 78, pi. x, fig 8. Flint, 1899, Rep, 
U.B. Nat. Mus. (1897), p. 834, pi Ixxvii, fig. 6. Chapmanf 
1901, Journ. Linn. Soc. liond. (Zool.), vol. xxviii, p. 194, 
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This species is usually found in deep water , it has, ^how- 
ever, occurred m the lagoon at Funafuti, Ellice Islands “^Very 
rare m the present series. 

Truncatulina haidingeri, d’Orbigny sp. 

Jtotah'fia haidtngertf d’Orbigny, 184 fi, Foram Foss Vienne, 
p. 154, pi. vni, figs. 7-9. 

Truncatulina hnuhngert^ d’Orb sp , Bradv, 1884, Kep Chall , 
vol IX, p 663, pi xcv, figs 7 a-c 
T. (Botakna) hauitngen, d’Orb sp., 1893, Abhandl k 

bayer Ak Wiss , cl. u, vol. xviii, abth ii. p 401, pi xvi, 
figs. 25-27 

r. haidiugen , d’Oro. sp , Millett, 1904, Journ tt Micr. Soc., 
p 493 

This species is very abundant in the present sounding, 
and it attains the unusually large size of 2 3 mm. in diameter. 
Besides the typical specimens there are some which seem to 
link, by their depressed superior face, the above species with 
a form like T prcBCtncta, Karrer, or T dutemplei, d'Orb. sp 
It is somewhat singular, considering us abundance, that this 
species has not hitherto been recorded from the locality 

Truncatulina (?) praecincta, Karrer sp. 
liotahna prcBcincta, Kaner, 1868, Sitzungsb. d k. Ak. Wigs. 

Wien, vol, Ivii, p, 189, pi. v, fig 7 
Truncatulina putcincta, Karrer sp., Flint, 1899, Bep U.6. 
Nat. Mus. (1897), p. 334, pi Ixxvm, fig. 1. Millett, 1904, 
Journ. B. Micr. Soc., p 494 

A few specimens of a plano-convex form were met with. 
They are not quite typical, in having the limbate sutures only 
feebly developed. 

Ilmt records T prcecincta from the Gulf of Mexico, at 
169 and 196 fathoms, and Millett from the Malay Archipelago. 

Genus Anomalina, Parker and Jones 
Anomalina polymorpha, Costa. 

Anomahna polymorpha, Costa, 1856, Atti deir Accad. Pontan., 
vol vii, p 52, pi xxi, tigs 7-9 Brady, 1884, Bep. ChaU., 
vol. IX, p 676, pi xcvii, figs ,3-7. Flint, 1899, &p. U.S. 
Nat Mus. (1897), p. 336, pi lxxix,fig 3 Chapman, 1901, 
Proo. K Soc. Edin , vol xxiii, p. 392, pi. i, figs 4-6. 

One specimen having a more than usually truncatulinoid 
test occurred in our sample. 

A, polymorpha has already been obtained by the “ Chal- 
lenger ” west of New Zealand, at 275 fathoms. 
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GenuB Pulvlnulina, Parker and Jones. 
PulvinuUna truncatulinoides, d’Orbigny sp . 

liotahna tnniratuimoidc\, d’Orbigny, 1839, Forarn. Omane&t 
p 182, pi Ji, 25-27 

Jti mtohcltiua»ia, d’Orbigny, 1840, M6in. Boc. G6oL France, 
stV 5, vol, iv, p 31, pi iii, figs 1-8 
Piilmnniina ttnncatnhmndes, d'Orb sp , Khinnbler, 1900, in 
K Brandt’s Nordische Plankton, Injft 14, p 17, fig 16 
P. fni(Jwliniana, d’Orb bd , Millett, 1904, Joiirn. E Micr. 
Hoc , p. 500 

Although there Heonis to be reason fot suppoaing that 
d’Orbigny ’s two works, to which reference is made above, 
Were published almost simultaneously, yet the actual dates 
of publication differ, and therefore, according to the rule of 
priority, the beiter-know’n specific name, P. nucheitmana, un* 
fortunately must lapse. 

This species has been already leoorded for the South 
Pacific, and notably at sta No 169. It is not uncommon in 
our series 


Pulvinulina crassa^ d’Orbigny sp. 

Botahna crasna, d’Orbigny, 1840, M6m. Soc. G6ol. Prance, 
ser 5, vol. iv., p. 82, pi. hi, figs. 7, 8. 

Pulvinulina crassa, d’Orbigny sp., Flint, 1899, Kep U.S. Nat. 
Mus (.897), p 329, pi Ixxiv, fig 1. Ehumbler, 1900, in 
K. Brandt’s Nordische Plankton, heft 14, p 17, figs. 12, 
14, 16. Millett, 11K)4, Journ. B. Micr. Soc., p. 60'0 

This species has been recorded from the east coast of New 
Zealand (sta. 169). It is rather rare in our serissi 


Pulvinulina canariensis, d’Orbigny sp. 

Botalina canarn^nsu, d’Orbigrty, 1839, Foram. Canaries, p. 130, 
pi. i, figs. 34-86. 

Pulvinulina cananeiisu, d’Orb. sp., Ehumbler, 1900, in K. 
Brandt's Nordische Plankton, heft 14, p 16, figs. 10 o, b, 
11 Millett, 1904, Journ. R. Micr Soc., p. 600. 

Previously recorded from the South Paoifio. It is rare in 
our sounding. 


Pulvinulina auricula, Fitchel and Moll sp. 

Nautilus a/uricula, var. a, Fichtel and Moll, 1878, Pest. Micr , 
p. 108, pi. XX, figs. OHJ. 

Pulvinulina aunctila, F. and M. sp., Egger, 1898, Abhandl. k. 
haver. Ak. Wise., cl. ii, vol. xviii, abch. ii, p. 416, pi. xvii, 
figs. 26-^. 
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This specif'H 18 not iincoiumon m the present senes 
It has oceuned ni the South Pacific* at depths between 
17 and tJ7f> fathoms (“Challenger'') Eggei also leeoids it 
from Western Australia 

Pulvinuhna schrcibcrsii, d’Orhign^ sp. 

Rotahna schreibej i,%i, d'Orbigny, 1846, Forain Foss. Viemio, 
p 154, pi vui, figs. 4-6 

Pulvinuhna sdirnhei hii , d’Orb. sp , Hgger, 189^3, ADhandl. k. 
haver Ak Wiss., cl ii, vol xviii, abtli li, p 409, pi xviii, 
figs 81-33, 67-G9 

This handsome species is not uiiconunon m our series. 
Brady notes this form as being almost peculiar to the 
South Pacific 


Genus Rotalia, Lamaick. 

Rotalia soldanii, d’Orhigny 

Eotalm (Gyroidina) soldanii ^ d’Orbigny, 1826, Ann. Bci. Nat., 
vol. vii, p. 278, No. 5; modele No 36. 

Rotahna holdantiy a’Oib sp , Goes. 1894, K. Svenska Vet.- 
Akad Ilandl , vol xxv, p 99, pi xvi, hg 812 
Rotaha soldami, d’Orb. sp , Millett, 1904, Journ. R. Micr. Soc , 
p. 503 

Rare , somewhat diminutive specimens. 

Rotalia papillosa, vai compressiuscula, Brady. 

Rotaha pajnLlosa var. romprcHsiuHcula, Brady, 1884, Rep, 
Chall., vol IX, p 708, pi cvn, tigs. 1 a-c ; pi. ovni, 
figs. 1 a-c. 

This 18 a Pacific species, with a rather wide distribution in 
that area It does not appear to have been previously found 
in the neighbourhood of Great Barrier Island 
Rather common. 

Rotalia clathrata, Brady. 

Rotaha clathmta, Brady, IB84, Rep. Chall., vol, ix, p. 709, 
pi evil, ligs. 8, 9. 

The localities whence this species has been obtained are 
all in the South Pacific, and he between Australia and New 
Zealand. The nearest position to Great Barrier Island was 
the Challenger” station 169 
Bare in our series. 
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Subfamily Polybtomellinjj:. 

Genus Nonionina, d’Orbigny. 

Nonionina umbihcatulai Montagu sp. 

Nautihcs umhihcatulas^ Montagu, 1803, Test, Brit,, p. 191 
SnppI , p 78, pi. xviii, fig I 

Nonionnia nmhilicahila, Mont, sp , Egger, 1893, Abband. k, 
bayei Ak Wish, cl. n, vol. xviii, abtb ji, p. 426, pi. xix, 
figs. 36, 37 Millett, 1904, Journ K Micr Boc , p. 600. 

Brady records this species as abundant in the South 
Pacific It was also found by Milleti m the Malay Archi- 
pelago Egger obtained it from soundings taken by the 
Gazelle ” off Mauritius and New Guinea. 

Bare m our series. 


R^jpokt on the Ostkaooda. 

All the species of Oatracoda here recorded, with the excep- 
tions of Aaterone austrahat Brady, and Cytheiideta hedleyt, 
sp. nov., have been previouslv described m the report on the 
dredgings made bv the “Challenger,”'*' and the former 
species in a later publication by the same author I The 
“ Challenger ” station nearest ours wdiich yielded Oatracoda 
IS No. 167, west of New Zealand, and from this three species 
only in common with our series are recorded. Among other 
localities winch affoid species in common with those of our 
list are : Off Booby Island, near Cape York, north-east 
Australia (“ Challenger sta. 187), and Cocos Island, Indian 
Ocean (coll., C W. An<lrewR). Twelve species of Oatracoda 
of known forms occur m our dredging, but only four of these 
occur in each of the localities above mentioned ; and, curiously, 
both of these dredgings were taken ip quite shallow water. 
The species which occur noth iti our litft and that fiom Booby 
Island are Gythe'ic ictrica, 0. cnspaidy 0 cancellata^ and 
Xeaioleberts imrgantea Those from Cocos Island common to 
our list are C. cancel lata, C, prava, G. dictyon, and Xeatole- 
hens margarUea* 

The following is a list of the Oatracoda found m the pre- 
sent material, and the species new to the list given in the 
“Index Faunse Novtc-Zealandim ” arc marked with an as- 
terisk Of the fourteen species of Oatracoda given below, 
nine are new to the New Zealand area. 


* UeportE ** Chidlonger Bipedlticu, Zoology, pt. iii, 1680: Outran 
>coda, Q. 8, Brady. 

t TraiiR. B. 8oc. Bdiu,, 1890, vol xxxv, pt. ii (Ko. 14). 
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‘ CythiU* ca<iC(*} lately (1 S Brady 
'*'(J crisjuitayii 8 B 
'C 8 B 

• C dictijouy G, 8 B. 

*G pi a c a, Bull'd s\) 

C (lasydenna^ G S B 
Knthe pioductUy G. S B 
' Xvbtoh'heris nmiaai iteHy G S sp 

'' X (tfricaiiay (j S B. 

' Cytfiei idfifs kcdlP;/fy po ho\ 

' Cymidim dance y G S B 
Aatciope anistrahsy G S B 
Cytherella pohtay G S B 
C pulchra, G 8 B 

OSTRAG()I)\. 

Section PODOCOPA 
Family CyTHKKiDji: 

Genus Cythere, Muller 
Cythere cancellata, G 8 Brady. 

Cythere cancellata, G 8 Brady, 1868, Le Fonds de la Mer, 
vol i, p. 62, pi vii, figs 8-9 Idem, 1880, Rep. Chall.^ 
Zoologv, p 73, pi. XIV, figs 9 a-e. Chapman, 1W2, Proc. 
ZooL Hoc. Lond , p. 230. 

Previously recorded from Tongatabu, 18 fathoms, and off 
Booby Island, Torres Strait, 6 to 8 fathoms Also from 
Java (G 8. Brady) 

The writer has recorded it from the littoral sands of the 
seaward face of Cocos Island (coll by Dr. C. W. Andrews). 

C 3 rthere crispata, G, 8. Brady 

Cythere enspata, G. S. Brady, 1868, Ann. and Mag. Nat, 
Hist , ser. 4, vol ii, n. 221, pi. xiv. figs. 14, 16. Idem, 
1880, Rep. Ghall , Zool., pt ni, p. 72, pi. xiv, figs. 8 a-d. 

This species has a wide distribution The Challenger 
dredgings yielding this species '^ore from Port Jackson, 2 to 
10 fathoms , Booby Island, 6 to 8 fathoms; and from anchor- 
mud at 7 fathoms in Hong Kong Harbour. 

A right valve of this species was found in our dredging ; it 
18 not 80 sharply sculptured as in typical specimens, And at 
first sight would suggest affinity with C. canakculata, Beuss. 
Our specimen differs from the last-named, however, in having 
the anterior extremity of the carapace, in edge view, decidedly 
wedge-shaped. 
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Cythere tetrica, G S Brady. 

Cythe^e teinca, G. 8 Brady, 1880, Rep. Cball , Zool., pt lii, 
p 104, pi xxiii, ligfi. 5 a-d. 

This somewhat striking form has been previously recorded 
only from Booby Island, Tories Strait, 6 to 8 fathoms. 

One right valve found in our series. 

Cythere dictyon, G 8 Brady. 

Cythere diciyon, G, S. Brady, 1880, Rep Chall., Zool , pt in, 
p. 99, pi xxiv, hgs. 1 

Five separate valves of this widely distributed species were 
found, one of which appears to belong to a full-grown female, 
and shows the posterior spines arranged along the border of 
the shell. Another example is a small valve of the same 
sex, whilst the remainder are valves of male specimens. 

Cythere prava, Baird sp 

Gytherets prai^a, Baird, 1850, Proc. Zool. Soo., pt. xviii, p 264 
(Annulosa), pi xviii, figs 13-15 
Cythere prava, Baird sp., G, S. Brady, 1880, Rep Chall., 
Zool., pt ill, p. 92, pi, xxii, figs. 4 a-/. G S Brady, 
1890, Trans R, Soc. Ediu , vol. xxxv, p. 602. Chapman, 
1902, Journ. Linn Soc. bond. (Zool), vol xxviii, p. 426. 
Idem, 1902, Proc Zool. Soc. Lond , p 231. 

I C. prava is a South Pacific form, but not exclusively so. 
It appears to be more at home in shallow water. Our 
specimen is a right valve, the surface of which is more than 
usually coarsely sculptured. 

Cythere dasyderma, G. 8. Brady. 

Cythere dasyderma, G. S. Brady, 1880, Rep. Chall., Zool., 
pt. lii, p. 105, pi. xvii, figs. 4 a-/; pi. xviii, figs. 4 a-/. 

In the “Challenger’* dredgings this species was charac- 
terized as a deep-water form, so that its occurrence in the 
present sounding is somewhat exceptional It is also widely 
distributed. 

One right valve. 

Oeuus K>ithe« Brady, Orosskey and Robertson. 
Kiithe producta, G. 8. Brady 

Knthe produota, G. S. Brady 1880, Rep. Chall., Zool., pt. iii, 
p. 114, pi. xxvii, figs, a-jf. Chapman, 1902, Journ. Linn. 
Soo. Lond. (Zool.), vol. xxviii, p. 427. 

This veiy variable form occurs oftenest in deep water. 
The deepest sounding from which Dr. Brady obtained bis 
specimens was taken at 1,678 fathoms. The writer records 
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T ramactiom. 


this speci6)s from ihe ‘ Pciiiiuin ” soundings rounn Funafuti 
at 1,995, and d,7i5 fathoms IIo also obtained this 

species fiom soundings in the Arabian Sea near the Laccadive 
Islands (s s. “ Investigator”) 

Not uncommon, lint rather small, in the dredging off 
Great Barrier [si and 

Genus Xestoleberia, G. 0 Sais 
Xestoleberis margaritea, G S Brady sp. 

Cytheridea margaritea, G 8 Bradv, Trans Zool Soc., 1866, 
vol V, p 370, pi. Ivni, figs 6 a-d 
XestoleheriH maigaritca, G. S Brady, 1880, Hep. Chall., Zool., 
pt iii, p. J‘i7, pi XXX, figs. ‘J a-g Chapman, 1902, Jouni 
Linn. Soc Lond (Zool ). vol. xxviii, p 429. Idem, 1902, 
Proc Zool. Soc Lond., p. 231. 

Dr. Brady found this species in the “Challenger” 
dredgings at one locality only -naiuely, off' Booby Island, 
Torres Strait, 6~8 fathoms. The same author also records 
It from the Mediterranean and the Mauritius. The wnter 
found it in the shallow-water sands of the outer beach and 
lagoon of Funafuti, where it was fairly common, and in the 
lagoon sands of Cocos Island. 

One perfect carapace found off Great Barrier Island. 

Xestoleberis africana, G S. Brady. 

X$stolehcrts africaiia, G S. Brady. 1880, Bep. Chall , Zool., 
pt. lii, p 126, pi XXX, figs, 4 a-c 

This is a very rare and restricted form It was originally 
recorded from Simon’s Bav, South Africa, 16 to 20 fathoms. " 
One left valve found in our dredging from Great Barrier 
Island 

Genus Oytherideia, Jones. 

C 3 rtherideis hedleyi, sp. nov 
Plate 111, figs. 8 0 - 0 . 

Description — Carapace elongated, compressed. Seen from 
the side, arcuate and siliquose , depressed m front ; greatest 
height about the middle ; posterior extremity slightly produced 
at the venttal angle , back evenly aiched, ventral edge sinuous 
Edge view elongate-ovate, rounued at the back, compressed in 
fiont; greatest thickness about the middle of the lower third. 
Surface of carapace ornamented with closely set polygonal 
areola or pittings, arranged m more or less regular concentric 
lines. A linear series of muscle-spots situated in a lateral 
depression of the carapace just below the median area* 
Length, 0-6 mm.; height, 0^225 mm. ; greatest thickness of 
carapace, about 0*66 mm. 
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Ajffiynues , — In outline our species is somewhat comparable 
with C. ioxholata, (i 8 Hrady,**' with the exception that the 
valves of that species are not produced in the posteio- ventral 
region , it further essontially difleis from ours in the surface- 
rnai kings of the carapace, which in C, foveolata consist of a 
minute and dense punctaiion 

Another form of the same genus which we may compare 
with the present species is (/ muiiewHi^ Chapman, f which, 
however, biiows the follovsing difftu'euces . Test less depressed 
at the anterior end ; ornament not so distinctly polygonally 
areolate , and muscle-spots ananged in rosette form 
Veiy rare in our sounding 

Section MYODOCOPA. 

Family CyPKiDiNiDiK. 

Genus Oypridina, Milne-Bdwards. 

Cypridina (?) danse, G. S. Brady. 

Gypridtxia dance, G 8. Brady, 1880, Rep. Chall , Zooi . pt. iii, 
p. 166, pi. xxxvi, figs, 2 Or-d. 

The specimen before us is somewhat crushed, making an 
exact comparison difillcult It resembles the above species 
fairly closely in side view, but the relative proportions of the 
carapace in edge view are not clearly seen. Our specimen, 
like that of Brady's, is partially ohitinous in places, and the 
anterior notch and posterior truncated beak are similarly 
shaped as in C. dance. Brady's species is based on a single 
specimen obtained from Kerguelen Island at a depth of 
120 fathoms. 

Genus Aaterope, Philippi. 

Asterope australis, G, B. Brady. 

Anerope austrahs, G. 8. Brady, 1890, Trans. K Soc Edin., 
vol. XXXV, pt. ii, p. 616, pi. iv, figs. 1, 2. Idem, 1898, 
Trans. Zool. Soc , vol. xiv, p, 481, pi. xliii, figs. 1-8. 

It is of great interest to meet with this genus in the 
present collection, since the cypndinods are comparatively 
rare in the Southern Hemisphere, so far as they are at present 
known. Bradv's original specimens of A. australu came from 
the coral islands of the Paoiilo-^Noum^a, 2-4 fathoms ; Suva, 
mside reef; Mango Island, fringing-reef ; Apia, Dpolu, reef 
and shore pools 

One tx^ioal carapace was found in the present sounding oil 
Great Barrier Island. 
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Bectioti PLATYCOPA 
Family Cythrrkllid/I':. 

Geime Oytherella, JoDes 
Cythcrella polita, G B. Brady 

Cytherclla poUta, Brady. 1868, Les P'ondb d(3 la Mer, p. 161, 
pi XIX, fiKB 5-7 idem, 1880, Rep Chall.. Zool., pt in, 
p 172, pi. xliii, figs 5 a-c , pi xliv, fags 1 a-g. 

This species has been recorded by Brady from Port-au- 
Prince, West Indies ; Wellington Harbour, New Zealand ; 
and from the mouth of the Rio de la Plata 

Two separate valves of a small and large individual re- 
spectively are now recorded from Great Barrier Island, 110 
fathoms 


C 5 rtherella pulchra, G B Brady. 

Cytherella pulchra, G. S. Brady, 1866, Trans. Zool Soc., 
vol V, p. 861, pi. Ivii, figs. 1 a-d Idem, 1880, Rep. Chall. , 
Zool., pt. iii, p. 174, pi. xliv, figs. 3 a, 6. 

This species has previously occurred at Bermudas, 486 
fathoms; ^rt Jackson, Australia, 2-10 fathoms, west coast 
of New Zealand, 160 fathoms ; and off Ascension Island, 420 
fathoms. 

A tjpical example of this species was found in our sample 
off Great Barrier Island 

[NoTE.-"Exaiiipl68 of al) the apeoies of Forammi^fera and Oatracoda 
referred to in this paper, as well aw the types, are deposited in the 
Colonial Museum, Wellington ] 


EXPLANATION OP PLATE m. 

Pig. 1, Planiaptrtna spkcara, d’Orbigny ap. . a, lateral aspeot of a speci- 
men with labynnthio aperture , 6, ditto, oral aspeot. x 20. 

Pig. 2 Brachyaiphon corbuhftrmns, gen et sp. nov. : a, oral aspeot ; 
6, lateral aspect x 80 

Pig, 8. B corbuhjormta, gen. ot sp nov Another tpeoimen, aboral view. 
X 30 

Fig. 4. Hpiropkcta aagtUula, Defr. sp , var. fiatulosa, Brady. Lateral 
aspect ; to show senile obaraotar of later chambers, like that of 
Texiularm aggltUtnanSy var. pofrectn, Brady, x 20. 

Pig. 6 Nodoaaiw ( Dentalinct) obhgua, Ltun sp,, var. varUbrdlts, Batsch 
var. X 10. 

Pig. 6. N (D,) filtformia, d'Orbignv. Specimen having pointed aboral 
end like N (D.) aUgam, d’Orbigny sp. x 20, 

Pig, 7. Fiondtcularia reuaaii, Karrer Lateral aspect, x 20. 

Pig, 8. CythenMa hedUyi sp. nov. : a, left valve, b, edge view of valve; 
c, end view, x 60. 
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Art XVI II — Maori Place-names: mth Special Eefervncc to 
the Great Lakes and Mountains of the South Island 

By J. ('owAN 


[Bead before the Welhngton PhdomphmU Societ^f itfi Ociotnr^ lfK)r>] 


In thiH paper T do not propose to enter at length upon the large 
<|ue8tion of Maori nomenclature, about which so mucli has been 
written, but simply to note some hitherto unrecorded names 
of interest in the South Island, more particularly those of the 
lakes and mountains, which I have from Maori sources. During 
the last few years attention has been many times directiMl to 
the desirability of preserving Maori place-names wherever pos- 
sible, and to the necessity for fixing the correct orthography of 
many of the Native names at present spelled in a more or less 
maccurate fashion. We have a good many cases of carelessly 
spelled names in and around Wellington — even the Native names 
of some of the streets are incorrect — but there is no reason why 
tliis sort of thing should be perpetuated. In the South Island, 
however, matters are much worse. I could give a list of many 
scores of names of localities in the Island — towns, villages, rail- 
way-stations, rivers, lakes, and mountains — all erroneously spelt, 
many of them atrociously mangled by the pakeha. Those 
present who are acquainted with Maori will no doubt be able 
to recall many mistakes of this sort. One glaring instance is 
typical of the careless method of orthography common through- 
out the South Island. “ Kurow (locally pronounced as “ Kew- 
ro’*) is the official name of a township and railway-station in 
north Otago. This, as it stands, is neither Maori, English, 
nor Japanese. As a matter of fact it should be “ Kohu-rau,’’ 
which means many mists,” or “ roofed with mists ” — the 
name of a mountain near the township. There is something 
appropriate and poetic in the name ” Kohu-rau ” ; but I sup- 
pose ” Kurow ” it will be henceforth and alwa}^ 


A great many of the names given to mountains and lakes 
in the South Island are personal names. The Maoris bestowed 
the names of their chiefs upon prominent features of the land- 
scape, just as we pakehm name them after our early explorers, 
and our statesmen, and other men of note. The attempts made 
to interpret these names under the mistaken idea that they are 
locally descriptive titles have led to some curious and amusing 
blunders. Other names, again, are tritely appropriate to the 
locality. Many others are exceedingly interesting because they 
memorise the ancient homes of the Maori in the South Sea 
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IslaridB — they are importationa from Hawanki. and are of 
great assistance to Polynesian scholars in tracing with exact- 
ness the olden homes of our Native race in the Society 
Islands and the (^ook ftroup. The Maori is as fond as the 
Anglo-Saxon and the Celt of taking his home- names with 
him across tlie sea. Names of tins class are “ Rarotonga ” 
(Centro Island, in Foveaux Strait) ; “ Arowlienua ” or “ Aro- 
whena,” near Temuka , “ Motutapu,” “ Aorangi,” “ Arahura,” 
“ Takitirnu,*’ “ Hikuraki,” &c The name Arahura” (the 
greenstone-bearing river near Hokitika, on the West Coast) 
is in itself a most- interesting reminiscence of Hawaiiki -a 
story in a word It is identical with “ Ara’ura,” the former 
and classic name of Aitutaki, in the Cook Islands — ^the group 
to which Rarotonga also belongs Many years ago T had occa- 
sion, in the course of newspaper work, to board a small Native- 
owned schooner while she was beating up into Auckland Harbour 
with a cargo of oranges from Aitutaki She had been wrecked 
at that island, refloated by the Natives, and renamed by them 
the “ Ara’ura,’’ which 1 learned from the Maori crew was the 
onginal and very ancient name of their island It was given 
to the river on the west coast of New Zealand by the early 
navigator Ngahue. “ Takitirnu ” is another instance of this 
sort It is the name of a high range in the south, near Lakes 
Manapoun and Te Aiiau, and is also the name of a locahty on 
the tropic Island of Rarotonga The name, say the Southland 
Maoris, was given to the mountain by Tamatea, the chief who 
commanded the “Taldtimu” (or “Takitumu”) canoe, one of the 
historic fleet which arrived on these shores from Hawanki about 
BIX centuries ago, some time after Ngahue’s exploring voyage to 
New Zealand. The mountain is in a sense the Maori Ararat, 
for it was here that the “ Takitimu ” canoe is fabled to have 
found its final resting-place in the davs when the ocean flowed 
over the plains of Southland and washed the feet of the Taki- 
timus From some of the Maoris, too, one hears the fanciful 
legend that the range is the “ Takitimu *’ canoe capsized, meta- 
morphosed into a gigantic mountain ; in proof of which they 
point to the abruptly sloping terrmnals of the range* not unlike 
the shape of the bow and stern of an up-ended canoe, “ Taki- 
timu” is still an honoured name in the olden home of the Maori. 
A Native-built schooner of the rough-and-ready home-made 
type which visited Auckland some years ago from Rarotonga, 
manned by a white captain and a Maori crew, bore the historic 
name “ Takitumu,** and voyaged over the self-same ocean route 
that Taraatea’s Polynesian adventurers took in their much 
frailer craft six hundred years before. 

A beautiful and very appropriate name is Motu-rau,” the 
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am^irnt name of Lake Manapoun It means “ Imndred islands ” 
or “multitude of islands’^ If you visit Manapoun you will 
readily understand why tins name (whieh 1 do not think has 
ever previously been reeorded) eaine to be given to the lake, 
tfie moat beautiful water-sheei in New Zealand It is erowdinl 
with islands of all shajies and sizes All around you they he 
as you sad up the lake, some high and rooky, some tiny dots of 
granite or sandstone, but all wooded so luxuriantly that they 
seem Uke tree- groves floating on the surfaee of the water. No 
matter how small the islet, if only the size of a table, it supports 
as many trees and shrubs as it can well hold The “ Lake of 
a Hundred Islands ” must have been an ideal r^ruising-ground 
for the neolithic^ Maori. The ancient Ngatinminoe gave the 
lake this name “ Motu-rau,” according to the Murihiku Maoris, 
who are m part descended from the Ngatimamoe ; but probably 
the name is of even greater antiquity, and dates back to the 
era of the Waitaha. 

“ Manapoun (a combination of two words meaning “ autho- 
rity or “ prestige,” and “ sorrowful ”) is simply a modernised 
rendering of the name “ Manawa-pore ” (or “ Manawa-popore ”), 
signifying the violent throbbing of the heart, as after great 
exertion or under intense emotion. “ Manawa-pore ” is stated 
by the Southland Maoris to be really the name of the North 
Mavora Lake, lying between Wakatipu and Te Anau. The 
name is said to have been transferred in error to the larger lake 
by the early surveyors and map-makers. Various more or less 
fanciful interpretations of the corrupted name “ Manapoun ” 
or “ Manawa-poun ” have appeared in print, and imaginative 
writers have connected it with the story of the fugitive tribe 
Ngatimamoe. “ Manawa-pore ” was, however, originally the 
name of a person, a tribal ancestor of i^hiefly rank, as was also 
the name “ Te Anau.” 

Lake Te Anau, I am informed by the old Natives of Murihiku, 
was named after a woman, the daughter of the chief Hekeia, 
one of the early immigrants from Hawaiiki, after whom a South- 
land mountain has boon named. As in tlio case of “ Manapouri,*^ 
many imaginary intorpretations of “ Te Anau ” have appeared 
lu print. The latest invention in tluft direction appeared in a 
Dunedin paper recently, when a long poem on Te Anau was 
published, in which it was explained that “ Te Anau ” meant 
wandering lake.” How, orwhy, or where the lake “ wandered ” 
was loft to the roaderis imagination. The South Mavora Lake 
is known to the old Maoris as “ Hikuraki ” (a dialectical variant 
of the North Island ” Hiku-rangi ”), a common Maori place- name, 
meaning ** the tail of the sky ” — the horizon, Tt is interesting 
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to note that thi8 is also the name of a mountam in Rarotonga 
Island. It was no doubt given to this mount ain-lako by the 
“ Takitimu*’ immigrants. 

Of the great southern lakes, WakatipuV name is the most 
difficult of explanation The Maoris inform me that “ Whaka* 
tipu ” (with an “ h ”) is the correct name, but the incident 
which led to this being given to the lake has passed out of tlie 
recollection of the Maoris whom I have consulted. ** Whaka- 
tipu ” means “ to nourish, to rear,” from the root word tipu or 
tupu (“ to grow, to spring up as a tree ”) The ai^tual origin 
of the great lake is, however, accounted for in Native legend 
in a fashion thoroughly Maori When the chief Rakaihaitu, 
one of the very first of the Polynesian sea-rovers to explore 
this country (long before the sailing of the “ Takitimu ” and 
other historic canoes — probably about a thousand years ago), 
arrived in the South Island he took possession of the eastern 
seaboard and the land sloping up thcndrom to the great snowy 
mountains. As was customary, the pioneers named many 
prominent features of the landscape after themselves, and so 
tapa^d the country for their fanuhes and descendants ; and 
Rakaihaitu, m common with many other Polynesian explorers, 
was m time credited with the deeds of a demi-god. The classical 
name for the South Island lakes is “ Nga-puna-wai-karikari-a- 
Rakaihaitu ” (“ The water-pools dug by Rakaihaitu ”) The ener- 
getic chief 18 said to have begun his labours by scooping out with 
his great ko (the wooden spade used in the kurmra plantations) 
the bed of the lake known as Rotoiti, south of Nelson. Then 
he strode southwards, halting fre(|uently to form a lake where 
he thought it was needed. His crowning triumph was Whaka- 
tipu, whose crooked channel he hollowed out between the moun- 
tains with mfimte toil and many incantations. Travelling north 
again, he completed lus herculean pilgrimage by digging out 
Lakes Waihora (Ellesmere) and Wairewa (Lake Forsyth), near 
Banks Peninsula— and rested from his labours. “ Nga-wai- 
karikari-a-Rakaihaitu ” is a proverbial expression still used by 
the Maoris in allusion to the lakes, as the figurative phrase 
“Nga-whata-tu- a- Rakaihaitu” (“ Rakaihaitu’s lofty food- 
stores ”) is used to describe the high cliffs of the South Island 
coast. 

At the lower end of Lake Wakatipu, not far from the Kings- 
ton Railway-station, there is a gsoup of craggy peaks called 
by the Maoris “the Fdiry Mountains.” These heights tower 
5,000 ft. immediately above the steamer on the left as you start 
up the lake. They were regarded with some dread by the old 
Maoris, who peopled them with giants and fairies (maetoero). 
The superstitious Native of olden days, for ever hearing uncanny 
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sounds and leading strange omens in earth and 8ky,^wa8 careful 
not to venture too close to the haunts of the maeroero. On 
gloomy and misty days, when the fog descended and enveloped 
the heights, the fairv people cjould be heard singing songs in a 
ghostly cadence and calling to each other , and then, too, re- 
sounded the faint and plaintive music of the koauau, or nose- 
flute, and the doleful note of the fuiormo horn, and the voices 
of the fairy children laughuig and singing above the clouds 
A quaint story of these macro mountains used to be told by the 
late chief Paitu, who lived at Riverton. When he was a youth, 
he said, he lived at the kaika of Takerehaka (where Kingston 
now stands) The shores of Whakatipu abounded m fat wood- 
hens {weka), and Paitu and his companions spent much of 
their time in hunting them for food The elder people warned 
him not to cross a certain little stream at the base of the moun- 
tains, for beyond it, they said, was the home of the maeroero, 
amidst dark overhanging cliffs. “ You may hear the civ of the 
weka beyond the creek,” Paitu was told, “ but beware — the 
maero will have you if you cross.” One night Paitu, hiuiting 
wekas as usual with his dog, found himself close to the forbidden 
stream, and, hearing the cry of a weka on the other side, waded 
through, unmindful of the warning. He crept along through 
the shrubbery to a clump of mihimik% bushes, where the bird 
was feedmg on the berrieg. Holding his dog in leash, he began 
to turutu — ^that is, to imitate the cry of the weka^ so as to lure 
it within catching-distance. Enticing the woodhen closer and 
closer, he quietly sent his dog at it. The dog seized the bird, but 
next- moment there was a terrifle yelp, and the animal flew back 
trembling and whining ; and through the darkness Paitu heard 
a giuff voice exclaim E-e ! Taku weko> momona ” (” Ha ! my 
fat woodhen ”). It was the maero / With hair on end Paitu 
left his weka to the maero and splashed homeward through the 
creek, fearing every moment to feel the grip of the mountain- 
ogre on his shoulder ; and he and his dog ventured no more into 
the haunted spot. The old Maoris on the coast to this day 
speak of these dark and lowering heightis as nga puke maeroero ” 
(“ the hills of the fairies ”), 

A familiar name to New^Zealanders is Monowai,” the modem 
name of a lake in the extreme south-west of the South Island, 
after which one of the Union Company’s steamers is named. 
This name is generally pointed to as a curious combination of 
the Greek word monoa (“one”) and Maori wai (“water”). 
It was given by Mr. McKerrow, late Surveyor-General, who first 
surveyed the lake. It is not so generally known, howevsr, that 
the correet Maori name of the lake is “ Manokiwai,” originally a 
personal name : this is the name by which it is known to the 
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Southland Maoris to-day. “Mojiowai” is roallv a oorruptum (»f 
“ Manokiwai (See Mr McKoi row’s note *) 

A inomory of llu' vanished tribe NgutinnuiKK' is (contained 
in the name “ Wawahi-waka,” whudi is that of an island in the 
upper part of Lake Wakatipu, called hv the Europeans Pigeon 
Island ” “ WaAvahi-waka ” moans “ splitting (canoes ” » it owes 

its origin to the ancient Ngatiimi^moe, and other people of the 
8tone age, who resorved here to fell and split u}) trees for the 
purpose of eanoe-rnaking Totara pines of large size formerly 
grew on this island, now almost treeless 

Lakes Wanaka, Hawea, Pukaki, and numerous other south- 
ern lakes were named after persons of olden days. In Lake 
Wanaka there is a very remarkable little island containing 
a pretty lakelet, 50() ft above the level of Wanaka — a lake 
within a lake This island (“Manuka ” or “ Pigeon Island,” the 
'pakeha calls it) is ” Te Mou-a-hou/’ meaning ” Hou’s islet.” 
Another island m Lake Wanaka is “ Motu-tapu,” or ” holy 
isle ”~-a very ancient and classic South-Soa-Island name “ Te 
Motu-tapu-a-Tinirau ” will be familiar lo students of Polynesian 
mythology. Tins was the original name of Mokoia Island m 
Lake Rotorua — the Olympus of the Aiawa Tribe. 

Turning to the mountains of the Southern Alps we find 
comparatively few of these great snowy peaks named by the 
Maoris, who did not care to vonfure far into the wastes of rook 
and ice. The beautiful Maori name ” Ao-rangi ” (” Ao-xaki ” 
m Uie South Island dialect) has been frequently but errone- 
ously translated as ” okmd-piercer,” a purely fanciful inter- 
pretation. The ” cloud of heaven ” may be accepted as the 
literal meaning of “Ao-rangi” This place-name embodies a 
reminiscence of the fatherland of the Maori, for there b 
a high mountain named ” Aora’i ” (or “ Ao-rangi ”) on the 
Island of Tahiti, m the Society Islands Tradition also asserts 
that ” Aorangi ” was the name of one of the chiefs who arrived 
m the South Island from Hawaiiki in the (ianoe ** Ara-i-fce-uru,” 

* Mr McKerrow has kindUy furnishod the foUtiWing note on the sub- 
ject : ** In September, 1 8()‘2, when on my way through Riverton to engage 

jn the reconnaissance survey of the countiy drain^ by the Waiau River, 
I met the well-known Maori, Solomon (since deceased), and learned from 
him that there wore two hkes in the bush west of the river. He said that 
he had never seen them, but an old \ioman in his kaika had seen them 
when a girl, and that their names were as I made out from his |ironun- 
mtion — * Howloko ’ and ‘ Monowm.’ * Howloko* has since been correct^ 
to ‘Hauroto’ And ‘Manokiwai,’ which you state is the name by which 
the lake is known to the ISiiddle Island Natives to*dfty, may probably be 
the name that Soloir on gave me, although I was unable at the time to 
come nearer to it than the hybrid ‘Mouowai,* meaning *one water.* 
That designation, as it happens, is not inapt, as the lake is mainly fed by 
one river.” 
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circo 1350 Two othfir iniinigrantfi by thift Polynesian viking- 
ship wore Kirikiri-kutata and Aroaro-kaiKe. The former name 
was given bv the Maori explorers to the Mount Cook Range, 
while that of Aioaro-kailie was bestow'ed upon one of the icv 
peaks of Aorangi 'I he peak now known as Mount Tasman was 
at the same time named “ Horo-koau ” “Aorangi” was the 
term usually applied to Mount Cook by the Maoris on the west 
coast , those on the eastern plains geuorallv called it “ Kirikiri- 
katata.” Although said to be originally a pert?<»nHl name, it is 
significant that these words mav be used 1o denote a fissured 
or cracked uiountain-side of gravel, which would exactly describe 
the deeply ercnled couIoir-riven end of the Mount Cook Range 
as seen from the Tasman Valley. 

Mount Sefton’fl Native name is said by old (Canterbury 
Maoris to be “ Maunga-atua,” meaning “the mountain of tMs 
god ” (or holy mount) As in the case of Aorangi, this name is 
stated to have been conferred m honour of an ancestral chief 
who arrived on these shores in the “ Ara-i-le-uru ” canoe from 
the South Bea Islands. There is, however, a Native legend 
(probably a comparatively modem invention) supporting the 
title of “ Maunga atua ” with the assertion that a spirit (atm) 
dwells in these tremendous solitudes, and that its thundering 
voice IS heard in the crashing of the avalanches that contin- 
ually fall from Sefton’s ice-hung clifis. 

Perhaps the most descriptive of the South Island mountain 
names is that of Mount Aspiring, a very grand ioe-olad peak 
little short of 10,000 ft. m height — the highest moimtam south 
of the Aorangi alpine group. Its beautiful Maori name, never 
before recorded, is well worth preserving— “ Titi-tea ** — ^whioh 
may be interpreted as “ steep peak of glistening white.” 

Very few of the names of the high mountain-peaks in the 
South Island map are Maori. “ Tapuae-nuku,” the highest 
point of the Kaikoura Ranges, is one of the exceptions. It may 
be interpreted either as “ the footsteps of Uenuku ” (full name 
“ Tapuae-ueiiuku ”)-“tliLat is, the rainbow, which is the visible 
sign or aria of the god Uenuku— or as “ moving ot slidmg foot* 
steps.” The Maori name of the Blue Mountains in Otago is also 
“ Tapuae-nuku,” which has been corrupted into “ Tapanui,” 
the present name of the town near the foot of these mountains. 
Mention of Kaikoura reminds me that old Ira Herewini, of 
Moeraki, tolls me the full name of the locality is “ To Ahi-Kai- 
koura-a-Taina-ki*te-Rangi ^ — i.e., the place where the early 
navigator Tama, the commander of the “Tairea” canoe, 
landed and kindled a fire to cook a meal of ibura, or crayfish. 

The expression “ Te-Waka-a*Maui ” (“ the canoe of Maui ”), 
as an ancient name for the South Island of New^^Zealand, is still 
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occasionally heard from tlie lips of the old people of the Ngaitahu 
Tribe. The notion that it was from the South Island that Maui 
fished up the North (“ Te Ika*a-Maui»’' ‘‘ the fish of Maui ”) 
IS, however, a purely southern concept It would be hard to con- 
vince a northern Maori of the superior anti(|uity of the greenstone 
land. ‘‘ Te Taunianu-o^te-Waka-a-Maui ” (“ the thwart of the 
canoe of Mam -on which Maui stood wlien hauling u]) his land- 
gaid by the Ngaitahu to be the name of a place m the 
neighbourhood c.f Kaikoura 

An ancient mythological honorific title of Stewart Island 
(or Kakiura) is “Te Puka-o-te-waka-a-Maui,” which means “the 
anchor of Mam’s canoe.” 

But the subject of these plaoe-namos is one that cannot be 
dealt with in one paper. I have a verv long list of South Inland 
names not yet recorded in print, or, if recorded, only inaccu- 
rately. I believe that Mr. Justice Chapman has during the 
course of many yeais acquired a very ('considerable list of ^uth 
Island place-names from the old Maoris, particularly from the 
late chief Rawiri te Maire, of South (hnterbury. I hope that 
he will some day publish them. Another matter in connection 
with Maori place-names that should have attention is the 
pronunciation. New-Zealandors at anv rate should have no 
excuse for mispronunciation of the names of their own homes, 
for the language is phonetic, and simple in the extreme ; yet 
how often one hears such mispronunciation as “ Tarangger ” 
for “ Tauraiiga,” “ Narranger ” for “ Ngauranga,” “ Mow-ree- 
ty ” for the beautiful name “ Muntai ” (“ the sea-breese ”). 
The only remedy, I suppose, is to teach our school-teachers 
at least the Maon alphabet and some of the rudiments of the 
language, for it is no doubt in the schools that colonial children 
first hear many of these names so mispronounced. 


Art. XIX .— Hifftoric Maori PerBonages* 

By Thomas W. Downrb. 

[Read before the Wdltn^ton PhUottophiad Society , November, 1905] 

Plateb XIV XVTI, 

Students will agree that all facts that can possibly be obtained 
regarding the Maoris should be placed on rec'ord, for it seems 
only too true that the day is quickly coming when this inter- 
esting race will be but a memory. Their history has been 
largely supplied by the late Mr. John White. Mc^rs. Taylor, 
Best, Colenso, Smith, and Tregear deal largely with their 
manner of life , Archdeacon Williams has rendered great 
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benefit to all students by his dictionaries , but, until lately, 
in point of art the Maori lias been left severely alone. 
Mr. Hamilton’s beautiful work, and Robley’s “ Moko,” are 
almost the only works we have in this respect , and Angas 
alone has attempted to give us pictorial representations of 
the old-time warriors I consider that I have therefore been 
singularly fortunate in coming across some very old unpub- 
hshed sketf^hes made about the year 1843 by the late J. A. 
Gilfillan photographs of some of which I have much pleasure 
in submitting to this Society, For the privilege of examining 
the Gilfillan sketohes and copying some of the most interesting 
I am indebted to the kindness and courtesy of T. Allison, Esq., 
of Wanganui, a grandson of the late Mr Gilfillan, who, I might 
here say, was a middle-mneteenth-century artist of a high order. 
The sketches display careful and beautiful work, and there is 
abundant evidem^e that great pains have been bestowed on many 
of the representations m order to secure accuracy. I may men- 
tion that several pictures from this artist’s brush are in collec- 
tions in England and Australia (one m the Melbourne Art Gallery 
— “Captain Cook proclaiming New South Wales a British 
Possession, Botany Bay, 1770,“ which is reproduced in the 
“ Picturesque Atlas of Australasia,” page 8, Part i), and others 
are occasionally met with in New Zc^aland, whilst he has also 
illustrated a few literary publications. I am persuaded, there- 
fore, that the portraits I am reproducing from the sketch-books 
are to be relied upon for accuracy, and should supersede tjiose 
of the same personages alre.ady m existence. 

Gilfillan’s name is not unknown in New Zealand history, 
owing to the unfortunate and terrible massacre which took 
place at his farm at Matarawa, near Wanganui, on the 18th 
April, 1847 Several accounts of this sad event have been 
written, but I consider that one of the best is given in Power’s 
“ Sketches in New Zealand.” Power was one of the rescue 
party which went out to Matarawa the morning after the mas- 
sacre, and therefore, being almost an eye-witness, his account 
should be fairly cjorreot. 

There are m the original sketch-book already mentioned 
several names of great interest to all who study the history of 
New Zealand from the time of the incoming of the Britisher, 
and of these I am selecting the most prominent — namely, Te 
Rauparaha, Heke and his wife, and Maketu. Rauparaha and 
Heke are the two most illustrious of the Maori (‘hiefe, or ronga- 
tiros, of the early days of New Zealand colonisation, and were 
perhaps the greatest warriors of their race. Heke, by reason of 
his determined opposition to British rule on any and every oc- 
casion, and Rauparaha, by his bloody ravages on other Maori 
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tribes, and particularly the Ngait^hu of Wai Pounamu (the 
South Island) and the Muaupoko m the North, to say nothing 
of the part he played in the Wairau massacre, will ever be pro- 
minently placed m New Zealand history , whilst Makotu is best 
known as the chief who stood out most resolutely against the 
Bale of the Wanganui lands to the New Zealand Company in 
1840. 

I am sorry that much of the beauty and delicacy of line that 
character! sse the original drawings are altogether lost in my 
photographs, owing to the work being done with lead -pencil, 
and the paper having become stained and faded through age. 
I have been forced, therefore, to take a senes of positives and 
negatives and so build up contrasts, which process has, how- 
ever, given me some trouble, owing to tlie gram of the paper 
becoming intensified as well as the lines required. All the 
beautiful half-tones have been lost by tins process, which was 
necessary in order to get the lines black enough for reproduc- 
tion , but the outline and general drawing have not been inter- 
fered with. 

Two pictures of Te Rauparaha have, so far as I am aware, 
already been published, but neither, in inv opinion, is as fine 
as the one under notice. 

It may not be out of place here to give a description of Rau- 
paraha’s general appearance, culled from various contemporary 
authorities. The Rev Richard Taylor, who saw him a prisoner 
on board the Calliope,” says, in “ Tc Ika a Maui ” (p. 64), “ In 
stature he (Rauparaha) was not above 6 ft. 6 in., but his counte- 
nance was striking He had a Roman or hooked nose, an eagle 
glance which read the thoughts of others without revealing his 
own, and a look which clearly marked his dauntless bearing,” 
He had apparently a very slight deformity, for in “Savage 
Scenes ” (vol i, p. 35) Angas mentions that he had six toes on 
his left foot. This, however, is apart from present interest. 
E. J Wakefield, in his “Adventures in New Zealand” (vol. i, 
p. 113), about 1840, says Rauparaha “ was at least sixty years 
old, hale and stout, hair but slightly griazled, features aquiline 
and striking, overhanging lips and retreating forehead, eye- 
brows wrinkled back when lie lifted his deep sunken eyelids, 
and penetrating eyes.” Thomson, m “ Story of New Zealand ” 
(vol. 11 , p. 181), says, “ In stature he was small and wiry, fore- 
head broad and receding ” Power, at page 51 of “ Sketches in 
New Zealand,” thus describes Rauparaha^s general expression 
of features . “ Placid and thoughtful, but with the least excite- 
ment they assume a malignant and wolfish expression ; his 
Bmall snaky eyes gleam, and his thin lips curl down, showing 
yellow fangs.” The illustration we have in Power’s book does 
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not correspond very well with the representation by Sutherland, 
which is the picture of Rauparaha most commonly met with, 
and which is copied from a drawing in Shortland’s “ Southern 
Districts of New Zealand.’* Power’s portrait is somewhat like 
Gilfillan’s m outline, and the general shape of the moko marking 
is much the same , but the drawing has evidently been carelessly 
made, or the engraver has been at fault. It is possible that the 
author, W. Tyrone Power, D.A.C.C., may have taken his copy 
from this very sketch by Gilfillan, for in his preface to his book 
he acknowledges that some of the sketches used as illustrations 
were by Gilfillan, and he asks pardon for publishing them with- 
out permission specially given On comparing the drawing 
with K. L Sutherland’s welbkiiown picture, reproduced in severid 
works, and pronounced by tbe late Hon J W. Barnicoat^ MX.C. 
(one of the party in the Wairau massacre), to be an excellent 
likeness, one finds many points in r5eiimU)n ; but, as Suther- 
land’s IS side face and OiMlIaii’B three-quarters, the latter natu- 
rally «how8 more of character, whilst any one will see at a glance 
that m the former the Maori type is not sustained — in fact, one 
would say that the face was entirely European were it not for 
the bunch of feathers suspended as an eardrop, and the tattoo- 
ing. It is very noticeable that Sutherland was not able to grasp 
the subtle lines of Maori features, for in his drawing of Bangi* 
haeata we have the European ca«t of countenance again strongly 
portrayed The moko markings were evidently unfinished on 
the great chief, and all three pictures give the mam outlines 
much the same ; but in Sutherland’s, also, the various markings 
have been carelessly made, and cannot be compared with Gil- 
fiUan’s for accuracy The chief seems to have been wearing the 
same ear-pendant wdien both portraits w^ere taken, but it is 
noticeable that the arrangement of the hair is entirely different 
in both. In this respect rower’s picture and Gilfillan’s coincide, 
but Sutherland’s is evidently faulty. Wakefield mentions Bau- 
paraha having sat for his portrait to Major Heaphy, but that 
|(entleman did not publish the result with the rest of his draw- 
ings, some of which were issued in a pictorial supplement to 
Wakefield’s “ Adventures in New Zealand.” Angas, the artist, 
does not appear to have Iiad any success when he was at Kapiti 
about 1844. He states in ” Savage Life and Scenes ” that he 
failed in his attempt to paint Bangihaeata, so, 1 pre^sume, 
tho^ht it useless to try and persuade the superior chief to sit. 
In Thomson’s ” Story of New Zealand ” it is stated that in 
1844 Tamehana Eauparaha had a portrait of his illustrious 
lather hanging in his house at Otaki, but so far as I can gather 
this picture has never been reprewiuced. It would be super- 
fluous to give a detailed account of the life of this remarkable 
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man here. Such can be found in the Institute’s Transactions, 
vol. V, in a very fine paper, “ The Life and Times of Raupa- 
raha,” by the late W T. L. Travers, or in vol. vi of John White’s 
Ancient History of the Maori.” 

Hone Heke, the great chief of the Ngapuhi Tribe, is well 
known for having cut down the flagstaff at Kororareka, in 
July, 1844. His life oi'cupies a prominent place in every New 
Zealand history, and up to the present time there have been 
three pictures published of him. I can find, however, no 
description of his personal appearance in any of the books 
at my command. The best-known picture of Heke is that 
taken with his wife from a sketch by Merritt, which appears in 
Thomson’s “ Story of New Zealand ” (vol. ii, p. 96) and other 
works. The -stern, commanding look oi the warrior is well 
portrayed both in this and in Gilfillan’s picture, but the former 
does not correspond altogether with the latter, the whole head 
being too square, with nose, forehead, and bps too much 
after the European t 3 rpe. The general tnoko lines are much 
the same m both, but the nose-markings which appear in Gil- 
flillan’s sketch are wanting in Merritt’s, whilst the connect* 
mg lines between the markings round the lips and the cheek- 
spirals are different. Gf the two drawings, Gilfillan’s is the 
finer, and, being larger, more details are obtained. Another 

S icture of the Ngapuhi warrior is in a water-colour sketc^h by 
, Merrett, in the collection of Dr. T. M. Hocken, of Dunedin, 
a reproduction of which is given iit page ^65 of Jtfr. A. Hamil- 
^n’s Maori Art.” This is a beautiful drawing of five Natives 
in full dross, and well delineates the different types and castes 
of Maori countenance. Here Heke is shown full face, but, 
although very fine, it does not depict the stem, commanding 
presence portrayed in Gilfillan’s sketch, or in Merrett’s other 
picture m Thomson’s work. (Although there is a difference 
in the spelling of the name ” Merrett,” the pictures are, I 
presume, by the same artist.) Yet another picture that wo 
have of Heke is attributed to Angas, and is to be found m 
“ New- Zealanders Illustrated,” Heke and Patuone occupying 
the one plate. This picture is reproduced in ” Annals of the 
Colonial Church ” (p. 164), published in 1847, and in several later 
works, m some of which the word photo ” is placed before 
Angas’s name. In ” Savage Life and Scenes ” Angas gives a 
short account of the life of Heke, but he makes no mention of 
having taken a sketch of the chief, and it is certain that he did 
not cany a camera around with him. I am inclined to think 
that the picture has been drawn from memory, or at any rate 
hurriedly, for it bears the appearance of carclesa handling in 
regard to the tattoo-marking, whilst the portrait of Patuone, on 
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tke other hand, eeemB to have had much care bestowed on it 
to obtain a true likeness. In this latter portrait there seems 
to be a design in the tattooing which is fairly regular, but there is 
no suggestion of tlmt m the picture of Hake. Angus’s picture 
is three-quarter face, while (lilfillan’s and that in Thomson’s 
work, already mentioned, are both side face, and accordngly 
it is not easy to make a comparison save by the tattoo-marks. 
In Angus’s the nose-markings show a few irregular curves fol- 
lowing no design at all. There is a somewhat indefinite line 
running from about under the inside of the right eye towards 
the point of the nose, which line is met about half-way 
between the eye and the nostril by a curved line running 
from the inside of the cheek-bone and parallel to the eye. 
There also appear to be some barely defined markings on the 
nostril, as well as several lines running away from the 
nostnl and curving round the mouth to the chin, where there 
are a few marks evidently intended for the completion of 
the side-face scroll. The picture generally does not coincide 
with the other two ui any particular, and consequently 1 am 
inclined to think it has been drawn from memory, if not from 
imagination. A photograph of Gilfillan’s drawing was sub- 
mitted by a friend of mine to Heke’s grand-nephew, Mr. Hone 
Heke, of present-day fame, who recognised it at once 

and said that the nose, mouth, and chin tallied exactly with the 
description that had been handed down to them of the old 
warrior. He said that he could have recognised it at once from 
the description his old people had given him. On the whole, 
therefore, 1 am practically sure that the picture of Heke I am 
showing may be relied upon as correct in most essential par- 
ticulars. 

Heke’s wife, the beautiful and intelligent daughter of Hongi, 
well known by his visit to England about 1820, is often mentioned 
in history, but so far we have had no picture of her, except the 
one (already mentioned) in Thomson’s “ Story of New Zealand.” 
Gilfillan’s picture coincides with this in every way, as far as com- 
parison is possible, but it is not easy to mikt this, as the first- 
mentioned is a side face and the latter nearly full face. The 
tattooing on the chin, arrangement of the hair, and general fea- 
tures appear to be much the same, but Oilfillan’s sketch has 
the advantage of being larger. It is said that Heke’s'last 
days were embittered by the thought that he had no son to 
inherit the magic of his name, and in the hope of obtaining 
male issue he contracted an illicit alliance, which was highly 
resented by his beautiful and attached wife. 

Maketu (not to be confounded with the northern Maketu) 
was the great fighting chief of Wanganui, and as his name occurs 
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in history it is interesting to be able to give his portrait. Ac* 
cording to Rev. R. Taylor at page 558 of ** Te Ika a Maui,’^ 
who calls him a great chief, Maketu was shot by a random bullet 
while engaged plundering during the early war, about May, 1847 ; 
but this account of his death may be somewhat incorrect, for it 
is now known by a few that he met his death from the bullet 
of an early settler, who, seeing him rocking himself in a chair 
in Churton's house, deliberately shot him from Churton’s Creek. 
This information was probably suppressed before for various 
and obvious reasons Maketu’s fishing or village pa, Mawhai, 
which, according to Mr. Fred Parkes (a pioneer of the early 
days) was fortified, stood on the flat overlooking the site of 
the present residence of Mr. A. D. Willis, M.H.R., about a mile 
above the Wanganui town bridge. As before stated, Maketu 
stood out for a time against the sale of Wanganui to the 
New Zealand Land Company, when K. J. Wakefield was 
arranging for the purchase ; and at the conference of chiefs 
at Purua Greek (now known as Dune (Veek), where the sale 
eventually took place, he took a prominent part (Wakefield’s 
“ Adventures in New Zealand,” vol. i, p. 286). Wakefield is 
ver}' careful to impress upon his readers that Maketu was 
not a principal chief ; and his reason is very obvious, for it 
was only natural that he should try and belittle any opposition 
that he experienced. Wakefield also had a good deal to say 
about Turoa, whom he cites as being a chief of very great 
importance ; and it is interesting to know that Wakefield’s 
friend Pehi Turoa and Maketu were brothers, or, as some 
of the Natives tell me, cousins. On looking at a copy of the 
Treaty of Waitangi 1 see that Turoa signed his name, and the 
marlcs by Williams signify that he was a chief of great import- 
ance. I do not find Maketu’s name , but, as Wakefield remarks, 
very few of the Wanganui chiefs did sign, and naturally those 
who were averse to British rule— as was Maketu — did not. The 
absence of Maketu’s name from the signatures of the treaty is 
quite understandable His chief pa and land were evidently 
at Waipakura, some distance up the Wanganui River, from which 
place he fired at the Putiki canoes bearing the captured prisoners 
—the authors of the Gilfillan outrage. Strange that Maketu 
should have hia likeness perpetuated by the very man, the out- 
rage on whose family he evidently sympathized with, even if he 
was not one of the instigators 

Since the above was written, an interesting piece of con- 
firmatory information has come into my possession. I have 
in the foregoing referred to the evident care with which Gilfillan 
has depicted the tattooing, and 1 am now told by Mr. Allison 
that his aunt, one of the daughters of Gilfillan who escaped 
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from the massacre, has informed him that her father in his 
Maoris sketches was always very careful to get the tattooing 
absolutely correct, as the Natives themselves insisted on every 
line being drawn and put m its correct place. This explains a 
good deal, and gives Gilflllan’s representations an added value 
as true and faithful depictions of historic personages. 


Art XX — The Winged Pilot of HawaiH. 

By Archdeacok Walsh. 

Many centuries before Columbus made his adventurous voy- 
age across the Atlantic, or Vasco de Gama battled his way 
round the Cape of Good Hope, the Polynesian navigators were 
sailing backwards and forwards among the countless islands 
of the Pacific, their operations gradually extending eastward, 
northward, and southward from their original home in the west 
until they reached from the New Hebrides to Easter Island, 
from Honolulu to New Zealand, and covered an area five 
thousand miles long by four thousand broad. Besides these 
voyages, it is known tliat they occasionally found their way 
back to “ Avaiki,” traversing a far greater ^stance ; and, there 
is more than one record of an expedition to the Antarctic. 

Mr. 8. Percy Smith, F R.G.S., President of the Polynesian 
Society, in his recent work, “ Hawaiki : the Original Home of 
the Maori,” gives an account of many of these voyages, which 
he has compiled by a comparison of the independent traditions 
of various branches of the race that have been cut ofi from 
mutual intercourse for hundreds of years, and which may there- 
fore be considered as authentic history in all essential details. 
He also relates how the hardy adventurers managed to keep their 
course by day and night without the aid of those instruments 
which are considered mdispensable by modern navigators when 
making even a short trip out of sight of land. He states that it 
is well known that the Polynesians had a very complete know- 
ledge of the movements of the heavenly bodies, and refers to 
a statement of the late Mr. John White, that the teaching of 
astronomy formed a special feature of the old Maori whare-kutd^ 
or house of learning (“ Hawaiki,** p. 137). They had also, he 
adds, in some instances a kind of rude substitute for a chart, 
formed of strings stretched on a frame, which showed the position 
of the islands as well as the direction of the ocean-currents and 
the regular roll of the seas before the trade-wind. A sketch of 
pne of those charts is given on page 139, Following up the sub- 
ject, Jit, Percy Smith gives a graphic description (p. 138) of how 
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they managed to pick up the land “ When making voyageo to 
a high island or a large one,” he says, “ the difficulty of a land- 
fall 18 not great. But it is difierent in the case of the atolls, of 
which there are so many in the central Pacific. Tho system 
which was adopted in such cases was this . The people generally 
voyaged in fleets, for mutual help and company, and when they 
expected to make the land . the fleet spread out in the 
form of a crescent, the chief’s canoe m the centre, to distances 
of about five miles apart on each side, so as to extend their 
view , whichever crew saw the land first signalled their neigh- 
bours, who passed the signal on, till the whole fleet was enabled 
to steer for the expected land A fleet of ten canoes would 
thus have a view of over fifty miles on their front.” 

Taking these facts into consideration, one can readily undesS- 
stand how these bold and resourceful navigators managed to 
reach their destination once the direction of their objective 
and the distance to be travelled were approximately known ; 
but it IS not always easy to conceive how the objective came to 
be determined on. What, for instance, would suggest the idea 
that there might be land m a particular direction some thousands 
of miles oft, such as that of New Zealand or Honolulu, which 
might repay a voyage of exploration ^ Mr. Percy Smith says 
(“ Hawaiki,” p. 131) that “ in passing onward by way of New 
Guinea, the Solomons, and New Hebrides to the Fiji Group, the 
idea must have forced itself into the minds of the people that 
the whole eastern world was covered with islands, and that they 
had only to move onward into the unknown to find more lands 
on which to settle ” Tins was very likely the case in a large 
number of instances, and it is probable that many of the islands 
and scattered groups within a certain limit were reached in this 
way. One can readily understand that in a strong weatheriy 
vessel like their large double or outrigger sailing canoes, which 
could beat to windward with any topsail schooner, and in which, 
therefore, they would have no difficulty in making their way back 
m any direction, they might put out on a voyage of discovery 
which in the tropical and subtropical belt would be almost sure 
to be attended with success . but that any party should have 
been sufficiently hardy and persevering as to systematically 
sweep the empty vastnesses of the northern and southern 
Pacific on the off-chance of finding land for settlement is 
scarcely within the bounds of credibdity. 

The fact is quite authenticated that long before the ^eat 
migration to New Zealand— t.c., the advent of the “ Arawa,” 
the “ Tainui,” the “ Aotea,” the “ Mataatua/* and other canoes 
— ^which 18 generally placed in the fourteenth century— manr 
vessels found their way backwards and forwards between thia 
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00tltitry and Hawaiki (probably Tahiti or Rarotonga). An 
iiooeunt of several of these expeditions is given by Mr. Elsdon 
Best in the “ Transactions of the New Zealand Institute” (vol. 
xnvii, art, u), but 1 believe there is no tradition extant as to 
how the first navigators managed to find their way here, and so 
were able to give the course tc» those who followed. 

It is related that Ui-te-rangiora, who lived in Fiji about 
A.n. 650, after making many voyages of discovery and founding 
colonies in different parts of the Pacific, found his way to the 
Southern Ocean ; and that another celebrated navigator, desiring 
to behold the wonderful things described by hia predecessor, 
actually penetrated to the frozen seas of the Antarctic — a 
foggy, misty, and dark place, not seen by the sun ” (“ Hawaiki,” 
pp. 128, 129). But beyond the Island of Rapa, or Opara, m 
28® S., about eleven hundred miles south-east of Rarotonga, at 
one time thickly inhabited by Polynesians, there is, I believe, no 
mention of any land seen on these voyages. In any case it ia 
quite clear that New Zealand was not visited, or the fact would 
surely have been mentioned m the circumstantial accounts that 
have been preserved. 

We are therefore left to speculate as to how the original dis- 
covery of these islands was made. It may, of course, have been 
that a party were driven out of their course by wind and 
weather, and arrived here simply as castaways ; but it is far 
more likely that they had something to go upon in fixing their 
objective. 

As already stated, there is, I believe, no tradition that will 
throw any light on the subject. If a Maori of the present day 
is asked how the first immigrants found their way to the country, 
he will either answer that he does not know or that he has never 
heard, or else he relegates the whole matter to the domain of 
the supernatural. It was perhaps a taniwha that showed them 
the course — a fabulous monster often credited with more than 
human powers and intelligence ; or it might have been one of 
their atuae or ancestral deities, wiio, under the form of a shark, 
a cormorant, or even of a blow-fly, either swam or flew ahead 
of the canoe, and so led the navigators to their destination, 

A theory advanced by the Kev, Wiki te Paa, of Northern 
Wairoa, inclines one to believe that a core of truth may be con- 
tained in this strange myth. It was the annual migration of 
the kuaha, or godwit {Limosa novw^zealandim), Mr. Te Paa 
thinks, that led the Hawaikians to believe that lands existed 
in the direction of New Zealand, and furnished them with a 
fnid© on their voyage ; and an examination of the life-history of 
that wonderful little bird at least gives an air of probability to- 
the idea. 

S- Trans. 
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A very complete and graphic account of the kmJca^s habtte 
is given by Sir Walter Buller in his monumental work on New 
Zealand birds (vol. ii, p. 40), from information supplied by 
Captain G. Mair The learned- doctor describes the extraor- 
dinary migration it performs eveify year Starting in large 
organized parties from near the North Cape of New Zealand in 
the end of March or the beginning of April, it makes its way 
northward, passing along by China, Japan, and Manchuria, 
until it reaches Eastern Siberia, where it reiinains for several 
months and rears its young ; the rest of the year being spent in 
its alternate home in the Malay Archipelago, Polynesia, Australia, 
and New Zealand — ^the New Zealand contingent returning in 
straggling flocks from September to Christmas. 

The flight of birds has often helped the navigator in locating 
a country. In his account of the discovery of Bass Strait in 
1798 Flinders describes the continuous stream of sooty petrels 
or mutton-birds heading m a certain direction, which he took 
to be an indication “ that there must be in the large bight one 
or more inhabited islands,” which eventually proved to be the 
Furneaux Group. Similar instances are recorded in the history 
of other voyages of discovery ; and it seems to me that an ob- 
servant and adventurous people like the Polynesians could not 
have failed to observe the annual migrations of the kmka to and 
fro between known spots, and that a party of them, driven by 
some tribal quarrel, or by some urgent necessity to seek a new 
home, would not have hesitated to trust themselves to the 
guidance of the winged pilot over the wide seas that separated 
them from New Zealand. The large number of birds would 
indicate a considerable tract of country, while the fact that on 
their southern journey they went m “ straggling flocks ex- 
tending over several weeks would enable the travellers to check 
their course from day to day 

A careful observation of the routes travelled by the birds 
would doubtless throw some light on this theory. 


Akt. XXI. — On a Sione-carved Ancient Wooden Image of a 
Maori Ed-god, 

By A K Newman, 

[Read before Wellington Philosophteal Society t 2nd AiLgastf IWMi.] 
Plate J.X. 

This quaint figure of a Maori god of cols was dug up recentlv 
whilst a field was being ploughed near the City of Auckland. 
From its position when found, it is clearly of great antiquity. 
It is a relic of the Stone Ago, having been cut by stone chiseil, 
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and in it» stylo and character is striking proof of the excellent 
work done by the prehistoric Maori carver. The body of the 
eel is carved with great skill, and is exceedingly lifelike. It is 
carved on a board belonging to an ancient wkarepum, or temple. 

Maori mythology has many references to eels and eel-gods, 
and, as will be shown presently, the capture of eels was always 
celebrated with religious rittm and ceremonies by the prehistoric 
Maori — ^both before he went eel-catching and after his return. 

Tangaroa m New Zealand and throughout Polynesia was the 
god of fishes He was one of the greatest of all gods, and so 
sacred throughout Polynesia that his image was never carved. 
Tuna was one of the lesser Maori deities, the son of Manga-wai- 
roa. Legend says there was a drought in heaven, and naturally 
the eel-god came away in search of water, and came to earth. 
One legend says ho killed two of the great god Maui’s children, 
and the latter m revenge slow him Another legend says that 
m Haui^s absence Tuna came up out of the water and ravished 
Maoi^s wife. Hearing this, Maui told las wife to go to the whare 
by the river, and he laid logs between the hut and the river 
and there lay in ambush. Tuna came gliding gaily over the 
logs to see the lady, and Maui slew him. One legend says that 
Tuna^s tail became the fresh-water eels^ progenitor, and his liead 
produced salt-water eels. The next story reverses the order, 
but confirms the facjt that he begat both sorts John White 
says some Maori tribes worshipped Ruahine as the god of eels, 
and performed religious rites to him. His worship, however, 
was strictly limited, as there is no other reference to him in 
Maori legends. 

Keugious Rites of Rel-fishing. 

When a young man first went eeling the tohunga performed 
many rites over luin, and recited appropriate karaha, invoking 
the gods to make him a successful Esher. Eldon Best, in our 
Transactions of 1902, gives a special Jearakia addressed to Tanga- 
roa Used at this ceremony, which (caused a great haul of eels. 
Wben a young man made his first catch he gave to Ids priest 
an ofering of the daintiest — a sign that the Maori tohunga knew 
how to look after his own interests. 

Maoris in olden when building eel pas or weirs put at 
each end of the weir a carved post, which, like all other Maori 
carvings, had a religious character, and thereby invoked the 
eel-deities to make it a success after their labours. 

Eel-fisheries were as valuable to the ancient Maoris as gold- 
miucB are to Europeans. The failure of the eel-catch was often 
a great disaster, in the earlier days when Europeans first came 
to New Zealand, cuttings from swamp to swamp abounded ; 
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th6te the Maoris caught the migratory eels These eel-drains are 
last disappearing, and will presently be as extinct as the carved 
eel-posts, none of which have been saved for our museums. 

If a tribe of Maoris owned the lower half of a river and did not 
dare, because of a powerful tribe to fish the upper half, they 
chose a stone or log of wood, calling it a rmun ; the priest 
sanctified it , and this was supposed to have the effect, aided by 
his incantations, of preventing the eels going beyond and thus 
being lost to them. 

Not one of the first catch made bv a young man was allowed 
to be eaten by women. Women in Mangaia must not eat eels. 

There was nothing the prehistoric Maori did in relation 
to the catching or eating of eels that had not its appropriate 
ceremony or rites performed to the gods Tangaroa married 
Te-ami-awatoa (Chilly Cold), and out of this appropriately 
named lady begat all kinds of fish. 

In Mangaia Tuna was an enormous eel, lover of Ina-inoe- 
aitiu. Tuna assumed human form, and the angry deities 
threatened to drown the world because of this deed He told 
Ina to cut off his head and bury it , then the flood ceased. 
Tunarua was a name sometimes applied to Tuna. Tinirau was 
the son of Tangaroa, the god of the ocean, and he also was 
god of fishes. The Mangaians said he was half a fish, and god 
of all fishes He was born in spint-land, and made of flesh torn 
from his mother’s side. 

Apparently the different tribes of Maoris worshipped dif- 
ferent deities to help them when fishing. 

If an eeling expedition failed to catch fish, the Maoris at once 
knew the gods were angry and it was no use going on trying 
until they went back to the pa and the tohunga h^ gone through 
fresh ceremonies and appeased their wrath. I was told this 
story in Wairarapa, where there are bare hills so steep that no 
vegetation clings to their naked sandstones. They are called 
taipoSf or devils If a Maori went fishing or birdSng between 
them in the Maungapakeha Valley, he might fail to get either 
birds or eels. The reason was that the Tinui iaipo was angry, 
and would say to the Maungapakeha taipo, “ This man has 
offended me ; he shall catch no more eels or birds to-day.” That 
Maori might try as he liked, ho got no more that day. After 
returning to the pa and reciting karahias he might thus appease 
the angry taipos, and next day they would allow him to catch 
plenty. 

The Carving. 

This figure of an eel-god with the head of a man, and tbis 
excellently spiritedly carved body of an eel with legs and arms 
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of a man, is quite unique — the only figure of an eel-god in ex- 
istence in New Zealand. There is no other specimen resembling 
it. It 18 38 in. long by 10 in wide The head is very human, 
with a singularly broad, flat, dome-like forehead. The size of the 
forehead is the more remarkable because, as a rule, the forehead 
is neglected in Maori carving This has the effect of giving the 
image a look of quite unusual intelligence It is a forehead 
denoting great ability, and therefore is quite unlike any modern 
Maori cjarving The mouth, as is usual in a god, is enormous 
— wide open, cavernous The tongue is visible, but small, and 
does not protrude , at each side of the mouth one incisor tooth 
18 carved — as is so often seen in old Maori carvings. The eyes, 
like those of all ancient Maori gods, arc slanting--^ Mongolian. 
The nose is very flat A thin line of tattooing is on each eyebrow, 
all over the nose, and a thin single ring surrounds the gaping 
mouth. This tattooing, as shown in the plate, is simple, and is 
evidently the work of stone and not iron clusels Tlu* figure 
has two arms and two legs, each arm with three fingers and each 
leg with three toes — the one unfaihng, universal mark of a god. 
Three fingers or three toes on each limb, a wide-open mouth, 
and slant eves are unfailing symbols of the prehistoric Maori 
deity. The limbs, too, are tattooed with the double spiral. 
At the point of the right elbow and right knee (the left elbow 
and left knee arc ormtted from the carving) is a curious hollow, 
and from the ends of each hollow is a curious tattooed little 
figure like an inverted capital C, and at the junction a quaint 
little knob. What this means I do not know. Something 
like it is seen in other Polynesian images. Arms and legs are 
covered with tattooing, chiselled out, but not fine and blackened 
as in modern carvings. 


The Body. 

The remarkable feature is the raised, sinuous, lifelike body 
of an eel fat and big, arising from beneath the chin. The head 
is aslant, looking over the left shoulder, as seen in many heUtkis, 
As the eel-like body then turns first to the right it may have been 
thus oarved to give another turn to the sinuous look of the eel ; 
but it may have been turned to the left shoulder for the same 
reasot^ as hettiki heads ore made to turn — a reason unknown 
to us. The body, like that of a real eel, is fat and round, and 
quite smooth, free from any trace of ornamentation. There 
is no tail ; body ends abruptly where the legs are set on, 
and at the end of the body is a hole going right tlirough the 
board on which the figure is carved. This probably is meant 
for the anal and other apertures. 
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Summary. 

Aft a specimen of a Maori eeNgod it stands alone ; it ib unique. 
Mr. Hamilton showed me a figure in the Museum of a Maori 
god with a strange burly iigure representing some unknown 
animal object, but certainly not an eel A god with an eel- 
like body was worshipped in Samoa, and that is the only god 
I have found anywhere resembling this 

It IS not surprising that Maoris should have carved an image 
of the god of eels, as they had so manv religious rites in con- 
nection with eels and eel-fishmg, but it is singular that so far 
this IS the only image of an eel-god discovered, and therefore, 
doubtless, even among the ancient Maoris, such a figu^ie waft 
very rarely depicted Tinirau, god of fishes, was described aft 
being a merman— “ half man, half fish”, and this figure of an 
eel-god IS embodied in this figure — half a god and half an eel. 


Art. XXII. — On the Musical Notes and Other Features of the 
Long Maori Trumpet. 

By A K Newman. 

[Read before the Wellington Philomphtc/il Society, 2nd Angiistt 1905.] 
This 5-ft -long black Maori trumpet was made either by the 
Arawa or by the Tuhoc Tribe They were always extremely rare, 
and only a few exist in museums I have asked Mr. Warren, 
an expert bugle-player and accomplished musician, to blow this 
trumpet for me to • night [Mr Warren here played a number 
of British and other army bugle - calls upon this instrument, 
fashioned bv savages; and on another occasion to a gathering 
of musicians, to the manifest pleasure of the audiences.] Ex- 
perts declared that its tones were so clear and good that had 
they not seen the instrument they would have believed the 
sounds were made by a modern silver bugle. 

Unlike the mouthpiece of a iiKKlern bugle, wWch is smajland 
round, tliis is a long, wid(i slit, and Mr Warren found it difficult 
to get his lips into shape He suggests the opening was Iiiade 
to suit a wide-mouthed IT-stone Maori. He found it in oouse- 
quence difficult to play long calls, and not until he had taken it 
home, Uved with it, and practised with it for some time woe he 
able to get the full tones out of it. Blown by a big-ohested Maori 

S lant, the sound of this instrument would travel an enormous 
istance 

I was anxious to learn what calls the Maoris played, but 
this is impossible. Many modern Maoris have never seen 
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pukaea ; rarely indeed has it been blown of late years. It is 
probable that beyond one or two Maoris (and even this is doubt- 
ful) no one could sound it I ransacked the Maori literature 
in the hbraries, and find it rarely inontioued. My friend the 
great Maori export, Mr. Samuel Locke, had one, and this is an 
exact replug of it Mr. C'olcnso says he had only seen one or 
two in the earlv days, and greatly prized the one Mr. Lot'ke had 
Mr. C. 0. Davis jotted down a few Maori tunes, and so did a 
musical expert for Sir George Grey, but these are for Maori flutes. 

Colenso quotes the following interesting passage from Forster, 
the naturalist, who came to New Zealand with Captain Cook • 
“ They brought a trumpet or tube of wood, 4 ft long and pretty 
straight. Its small mouth was not above 2 in wide, and the 
other not above 5 in. in diameter. It made a very uncouth kind 
of braying, for they always sounded the same note, though a per- 
former on the French horn might perhaps be able to bring some 
better music out of it,” Forster wrote these words of }>rophftcy, 
and to-mght, 130 years later, Mr. Warren has shown you how 
wide IS iti range, how musical aud perfect its tones. It is in- 
teresting to note that Forster says the Maoris uttered an uncouth 
braying sound Mr Warren makes it utter any musical bugle- 
call, The difference is that Mr Warren knows the tunes and 
the Maori did not. Much of Maori art and Maori carving is 
simply a degradation of a higher past Their ancestors in far- 

f iast days invented this instrument, and doubtless could play it 
or all that it was capable of ; but their descendants forgot their 
ancient musical lore, and as time rolled on their knowledge 
shrank and shrank, till it was, as Forster writes, always the 
same note — an uncouth braying. The Maoris m Forster’s day 
could not produce the varied notes that were lying dormant. 
Having old trumpets in their possession, they could easily copy 
them ; but how to produce the old notes and tunes -*the memory 
had lapsed. 

Judge Chapman, the learned expert in Maori art, told me this 
strange story * Years ago an ancient Maori said that his an- 
cestors in the far past had played on a trumpet that worked in 
and out of its tube. The Maori explained how it was lengthened 
and shortened, as Judge Chapman says, like a modern trom- 
bone. The Judge believes that this must have existed in the 
long^-ago ; but there is not one left for our museums. 

One old writer says they shoutod words through it. This 
is incorrect. Mr. L. f^oce says the chiefs had a few well-known 
calls. 

John White and the Rev. R. Taylor do not mention or de- 
scribe this tnwnpet. Cotenso says the chiefs when travelling 
were known by their trumpet-calls. When a great chief 
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travelled he soinetimes ordered the trumpet to be sounded, and 
the distant villagers m the fa at once cooked food for the wiar* 
lord and his war-bands. Locke, in these Transactions, in 18B2, 
gives an interesting account of a chief who thus announced him- 
self, and how such announcement led to a devastating war. 

PuKAEA 

Williams, in his dictionary, savs this was a long trumpet 
made of tolara Tregear says, fu - to blow, kaea to wander 
forth A “ blow ” that carries far is an apt name for this in- 
strument , that blown by an excited burly Maori would carry 
for miles. Putara is a conch shell with mouthpiece used as a 
trumpet, and putonno is a nasal flute Puroraiit was a trumpet, 
used at the marae in Samoa It is noteworthy that putaiam 
(conch-shell trumpet) is a capital word, so like the instrument: 
pu and ta4a4a4ara is an accurate copy of the notes “ ta-ta- 
tara ” which Mr Warren has just drawn out of this pukaea for 
your pleasure. 

These trumpets were always made of durable well -dried 
totara, beautifully fitted together, and bound tight round from 
nozzle to within 3 in. of the other end with supplejack very 
tightly and neatly laid round it, each layer closely touching its 
predecessor. Colenso says the joinings of the lof^ara were closely 
cemented together by a native gum The supplejack binding 
held the tolara limbs together 

At the point where the long narrow tube widens into the 
funnel, transversly athwart it inside are two narrow pegs of 
wood. Tregear says the Maoris called this tohe (tohe4ohe is the 
uvula). In looking through the trumpet more towards the sun^ 
light 1 discovered a third peg about 6 in from the mouthpiece. 
The presence of this third lake is, I boheve, a new discovery. I 
have seen no reference to it in Bullor’s or Hamilton’s works ^ 
elsewhere. The presence of these three lake is curious. Doubt- 
less they affect the tune of the instrument. They may not exist 
in all trumpets 

Rarity and Uses and Antiquity. 

These trunmets were always very rare — confined in mama* 
facture to the Hot Lakes district, though doubtless carried rarely 
to distant parts. Hamilton, in Ins groat work on Maori Art, 
photographs several in museums one with two funnel-shaped 
trumpet-ends arising from the same tube Colenso said they 
wore so rare that when he saw Locke’s trumpet twenty years 
ago he had not seen one for twenty years previously ; and as 
Colenso was here as far back as the “thirties” of the last cen- 
tury, it is clear how rare they were They were used as alarms 
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in war-tirrift, to toll of thr(*at(^ning danger. They were also used 
as announcements of the march of great (chiefs, just like war- 
lords and medieval herahls They were used for the same 
purpose as army bugle-calls are nowadays When the aneiont 
Maori at mght was stared (»f attaeks by ghosts, he shouted and 
played the coneh-shell trumpet and this puhaea to frighten 
awii\ the spirits In Samoa, and perhaps (»ther islands, they 
were used in the sae-red marac in religious ceremonies 

Tregcar, in the “ Aryan Maori,” (pioting from the Indian 
Hhagavad-gita, gives a description of a fight by the Kurus 
“ Then, in order to encourage him, the ardent old ancestor of the 
Kurus blew a eoneh shell sounding loud as the roar of a lion. 
He of dreadful deeds and wolfish entrails blew a great trumpet 
called paundra ” Our Maoris, having originally come from 
India, doubtless derived their trumpets from their ancestors. 
It IS noteworthy that the conch shell and the long trumpet of 
the Maori were both known thousands of years ago in India, 
and the nasal flute of the Maori was brought from the ancestral 
home m Asia, as we know it existed there and m Greece The 
conch trumpet and also the long trumpet were each named in 
this story of India, and Maoris continued this custom, having 
a name for each important mere or taiaha, or noteworthy canoe- 
baler, or big trumpet. These long trumpets clearly did not ori- 
ginate de mvo among the Maoris, but were brought by them 
from their far-ofi continental ancestral home. 

Darwin traced the descent of man by studying, amongst 
other things, the rudimentary organs in the modern human 
body. 8o to-day we. by studying the Maori, can see many 
objects of Maori art which, like rudimentary organs, serve to 
show the descent of the Maori, Among these are the three 
fingers carved on the hands and three toes on each foot of a 
Maori god or semi -deified ancestor, seen in India ; the little red 
stones (whaiahura) worshipped by the Maoris were worshipped 
in India ; the double spiral in Maori carving, the double- 
toothed earring of jade (both synrbols of Buddha and of far 
earlier deities), the lighting of sacred fires by rubbing sticks, and 
the curious figures Mania and Marikihau. all are to be found in 
India. 

This trumpet played to you by Mr. Warren is itself a direct 
descendant of the pamdra blown by the Indian chief. As the 
trumpet has a limited range, the bugle-calls sounded by the 
great Indian chief (“he of dreadful deeds and wolfish entrails ”) 
were much the same, though blown thousands of years ago, as 
those to-night played for you by Mr. Warren, who has done no 
dreadful deeds, and certainly has not wolfish entrails. But the 
old Indian oWef. the Maori rangeUira, and Mr. Warren are, after 
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all, blood relations, for the Hindoos, the Polynesiam (including 
the Maori), and Mr, Warren are all three (Jaueasians, all three 
have trumpets, and all three use the same instrument for th^^ 
same purposes. 


Notes on Dr. Newman^ s Maori Trunvpet 
By W, H Warren 

I may say at the outset that, owing to the pecuhar oval* 
shaped wooden mouthpiece, which is verv rough on the lips, it 
18 well-mgh impossible to produce any of the lengthy bugle-calls, 
such cis the Reveille ” and “ First Post,” as (*-an be done with 
comparatively little effort- on the regulation B-flat bugle. 

The tones that the instrument gives out are very similar to 
those of a bugle, but it cannot be made to produce the lowest C 
of the pakeha instrument. 8 ucli calls as the “ Dress for Parade,” 
“Rouse,” and “Last Post” cannot, therefore, be plaved m 
their ent-irety 

The staif notation of the Maori instrument is : — 

and that of the B flat bngle 

It Will thus be soon that the Maori trumpet is capable of pro* 
ducing four notes. The lowest, however, is hardly as clear as the 
6 of the brass bugle, and the hps of the performer require to be 
in exceptionally good form to produce with any degree of success 
its highest note. The two middle notes, G and B, can be produced 
with exceptional clearness, and are, in fact, far more pleasant 
to the ear than the C and E of the brass instrument. 

Appended is a list of the calls which are most suited to the 
Maori trumpet, which when sounded would assuredly astound 
the average regimental sergeant-major when that portly non- 
commissioned officer was asked to believe that the tohes did 
not emanate from the military bugle in every-day use. 
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liisT OP Calls hctiikd io the Maori Trumpet 


Officers 
Sergeants 
Fall in 

Men’s dinner call. 

SergeaniH’ dinner call. 

Fatigue 

Ficquet 

Orders 


Sick call 
Salute for guard. 
Alarm. 

('’hargo 

Fire, and (Viiise fire 
Extend, and Close, 
(renera) salute. 


Art XXIII . — On Temporary Stars. 

By Martin Chapman. 

\H(>ad hfijore th< Wdlington Philosopktcat Soctdy, Otft Septrmhf'f^ 1905.] 

The appearance of a so-called temporary star is always an event 
of great importance to all interested m astronomy and its kindred 
sciences. The event apparently involves a catastrophe of such 
colossal magnitude that it almost transoends our powers of 
imagination fully to realise it. A star which perhaps to our 
view IS so insignificant as to be visible only in a powerful tele- 
scope — say, of the tenth or tweJfth magmtude, or perhaps not 
visible at all — suddenly* increases in splendour until it shines as 
a third- or second- or indeed even fiist, -magnitude star. If our 
sun were to increase in heat- and light-giving activity in a 
similar proportion there can be no doubt that all planets would 
be rendered red- or white-hot, if they were not dissipated into 
vapour. 

After this enormous development of light and heat the new 
star in a few days or weeks shows mamfest signs of waning. 
This waning proceeds so rapidly that at the end of a few months 
the star is no longer visible to the naked eye, and can only be 
perceived through powerful telescopes Its final appearance is 
aW remarkable : it presents the appearance of a planetary 
nebula— that is, it appears to be a nebula of no great intensity 
of light, having a minute disc like a planet ; but the fact that 
it has any visible disc is a proof of ita colossal dimensions. No 
Nova ” has, so far as I am aware, yet shown an appreciable 
parallax : it follows that to have any disc visible to ns its dia- 
meter must exceed that of the earth’s orbit. 

That such a vastly colossal globe of glowing matter should 
part With its heat in a few months is at first sight exceeding!}^ 
surprising, ami has led to the suggestion being made that the 
actual (juantity of matter heated must be very small How 
otherwise, it may be asked, can it he ? A body like the sun is 
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unaltered, so lar uh we can tell after thousands or millions of 
years of cooling How long, then, ought a body take to cool 
which can shine as a star of the first magnitude though so far 
distant as to have no ineasurablo parallax 

T have to (jonsider this question, and sImuv that the rapid 
cooling of a “ Nova ” i« a necessary consequence of the added 
heat, from whatever cause due, and will take ])lac<‘. though the 
b<»dy be equal in mass to, or greater than, the sun. 

Consider a star of dimensions and mass (comparable "with those 
of the sun, and assume, as is generally supposed, that the whole 
18 in a state which may be termed gaseous— that m, the tempera- 
ture 18 BO high that every part responds to iiucrcase and diminu- 
tion of pressure in the same manner as a gas does It is not 
necessary to assume that the ratio of expansion to increment 
of heat follows the law of gases. I make the assumption of the 
gaseous nature of a “Nova” because, first, there can be but 
Uttle doubt that a “ Nova ” at least is in this state, and, secondly, 
because my arguments have no application to a solid or non- 
gaseous stai. Assuming, then, the star to behave as a gas, 
we may also assume that at any moment it has such dimen- 
sions that an equilibrium exists between the tendency to ex- 
pand and that to shrink Each particle will at that moment 
M solicited by two forces — one the attraction of the mass, which 
tends to draw the particle towards the centre, the other the 
expansive force due to the high temperature of the gaseous 
mass These opposing forces must exactly neutralise each other 
to produce an equilibrium. If there is any disturbance of that 
equilibrium the particle will move towards or away from the 
centre according as the gravitation or the expansion due to heat 
IS in excess. In the case of the sun the equilibrium is being 
disturbed from moment to moment by the continuous radiation 
away of heat 

Consider the effect on a particle . Heat is radiated away, 
the amount of heat available to balance gravitation is diminished ; 
but by the hypothesis the heat before radiation was exactly 
sufficient to balance gravitation ; there is therefore after radie^ 
tion an unbalanced tendency towards the centre, and the 
particle must take up a new position nearer the centre. This 
must also be true of every other particle of the sun’s mass : in 
other w'ords, the whole mass must shrink through loss of heat 
radiated away. So far this accords with our experience : a 
gaseous body—e.g., steam— contracts as it parts with its heat. 

Now, at first impression it nught be supposed that, heat 
having been parted with, the sun’s temperature would be lowered. 
It would be so if the volume remained constant, but this is not 
so ; as shown above, the volume diminishes, and the very fact 



Chapman. —On Temporary 67 arj 5 . 


141 


that the volume dimiuisheB m in itself a cause of the generation 
of heat. Each particle m moving to the centre obviously falls , 
in falling it gives out energy ; that energy appears as heat. 

To change the mode of statement Each particle approach ^ 
ing the centre constitutes a compression of the whole mass, 
but the temperatuie of a gas rises when it is compressed * the 
temperature of the sun therefore rises The extent to which 
it rises is governed by the circumstance that an equilibrium is 
again sought But our particle, having fallen, is now nearer 
than it was to the centre , its gravitation is therefore increased ; 
its tendency to continue to fall requires now a greater force to 
balance it , in other words, to preserve equilibrium the tempera- 
ture must be higher than before. The additional temperature 
is derived, as pointed out, from the compression of the mass 
Hence we have what may appear to some a paradoxical result — 
t.e., that by abstracting heat from the sun (by radiation) the 
temperature m caused to rise and not to fall — contrary to our 
experience of cooling bodies. In reality there is no paradox 
Part of the heat is due to the contraction. 

There are two kinds of energy in the sun, one heat, the other 
energy of position or potential. If we take away some of the 
fonner we, so to speak, call for contribution from the latter, 
and that contribution is on a scale a little more liberal than 
necessary to merely compensate what is taken away. The 
abstraction of heat causes shrinkage, and the shrinkage causes 
the development of more heat than that abstracted. This is 
capable of exact calculation, it being known that a shrinkage 
of about onc-eleventh of a mile will account for the radiation 
of the sun for a year, and (if the sun is gaseous throughout) still 
leave the sun a trace hotter at the end of the year than it was 
at the beginning. 

The apparent (not real) paradox is exactly analogous to that 
arising in the case of a secondary body moving about its primary. 
Su|>posing a secondary were moving in a resisting medium,^ 
which at first sight might be supposed to dimuiish its velocity, 
the real observable effect woula he that its velocity would he 
increased through its fall towards the primary. The evidence 
of a resisting medium, sujpposed to be furnished by Encke’s 
Comet, is not that its velocity diminishes, but that it increases. 

Now, I took the case of heat being abstracted because it is 
what is going on in the case of the sun, but the whole process 
above indicated is reversible. 

Supposing, again, the star in momentary equilibrium kept so, 
as before, by gravitation tending to draw each particle to the 
centre, and the expansive force created by heat balancing giavi- 
tation. Now let heat be added ; in the first case the subtraction 
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of heat by radiation left gravity partly unbalanced ; now the 
addition of heat leaves the expanaive power partly unbalanced. 
Bach particle must therefore move outwarda, but in doing so 
it/ moves against gravitatuin work being done and heat absorbed 
(“rendered latent’’ was the old expression), but, as a com- 
pressed gas heats by the transformation of work into heat, so 
an expanding gas cools by the transformation of heat into work 
(both processes being made use of in our steam-engines, freezing- 
engines, <fec ) The added beat then does work against gravity, 
and is all absorbed in doing so. 

Now, if this were all, we should have simply oxjianded our 
sun at the original temperature But when expanded to the 
extent referable to the added heat each particle is further 
from the centre than it was before heat was added ; gravity is 
therefore diminished ; and since, by the hypothesis, the amount 
of heat was previously exactly sufficient to balance gravity, 
there is now more than enough to do so, so that there is a residiue 
of expansive power still left . more heat than that added will 
therefore be used up in expanding the body. This must be at 
the expense of the heat already possessed by the sun : in other 
words, the temperature will be lowered. This is the same ap- 
parent paradox, in an mverted form, that we had before : by 
putting heat into a gaseous star we lower its temperature. 

We may put the results alonpide each other thus •— 

(1.) The body parts with heat by radiation: it shrinkB in 
consequence, and the temperature rises. We may add, the 
potential falls to the exact extent of the heat radiated away, 
plus the added temperature. 

(2.) The body has heat supplied to it : it expands in conse- 
quence, and the temperalure falls. We may add, as before, 
the potential rises to the exact extent of the heat added, plus 
the latent heat of expansion 

Now, let us apply these considerations to a “ Nova.’’ Some 
cause which we can only conjecture occasions an enormous 
amount of heat to be added to a body. The only probable 
cause we can think of is a collision of seine kind— it may be of 
two large bodies, or two meteor-streams, Ac. If the body was 
already gaseous the above reasoning would apply at once. If 
it were not gaseous the added heat caused by the collision (in 
the case of a “ Nova”) is sufficient to make it so, and the reason- 
ing will apply as soon as it is io. If the heat were due to col- 
lision, as is probable, the process of heating would be exceedingly 
rapid. If the colliding bodies were both gaseous the generation 
of the whole heat of collision would take a few hours only ; but 
as the whole of that heat could not be convei^fied in the same 
time into motion of expansion, because of the inertia of the 
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mass to be moved, the temperature would rise enormously 
beyond what it would ultimately be on the establishment of an 
equilibrium Henoe it is quite m accordance with what we 
ought to exiieot if, on a collision between two bodies, the tempera- 
tuie should rise in a few hours or days so greatly that the joint 
mass would shine as a bright star. But this state of things 
could not bo permanent, as the gravity of the mass would be 
insufficient to counteract, the expansive force created by the 
enoimous accession of heat. The mass would therefore expand, 
the rate of expansion being slow at first, increasing to a maxi- 
mum, and fmallv dying out The body would then be enor- 
mously diffused, but at a miMlerate temperature The greater 
the velocity of the impact the lower would be the final tem- 
perature. A velocity can be assigned at which the body would 
be dissipated in infinite space, and the temperature exactly 
zero ; but this velocity could not be acquired by the mutual 
attraction of the colliding bodies. With any vekrcity which we 
can admit as probable the final state of the mass would be a 
globe vast m proportion to the sum of the original \olume8 of 
the colliding bodies, with a moderate temperature. Sucli a bodv 
would present the appearance of a planetary nebula. 

Before this final stage was reached there would be fluctuations 
The outward velocity communicated to the gaseous atoms 
would cause the first expansion to go beyond equilibrium ; in- 
deed, the outward velocity at the position of equilibrium would 
bo a maximum Hence the body would be overexpanded 
and overoooled It would then condense again, with a rise in 
temperature again overoompensated. This might, indeed would, 
be repeated many times, finally dying out. These pulsations 
appear to liave been observed. 

The consideration applied here to two colliding globes would 
ei^ually apply to colliding flights of meteors, but the effects 
nught not be so marked— the rise in temperature would be mor^i 
jpradual. They would also apply to the case of a sphere plung- 
ing into a vast hydrogen region, such as the spectroscope re- 
veals to us. 


Art. XXIV . — NaUe on a Meteoric Appearance, 

By Martin Chapman. 

{BmA before the Widtiisgton Society^ 2»d( AuyvM^ 1905.] 

I TONK it as well to put on record a remarkable phenomenon 
which was observed by myself, with many others, on the even- 
ing of the 9th June. A party of us left Otaki by the evening 
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tram leaving Otaki about 6 10 p,m. The western sky was clear 
generally, but witli a bank of clouds extending from the main' 
land over Kupiti ; wind 8.W. and fresh. There was a young 
moon. I was sitting on the western side of the carnage, look- 
ing out at tlie window I turned for an instant to speak to 
a companion, and, on returning my gaze to the sky, I saw the 
appearance about which I write 

It was a brilliant vertical streak in the north-western sky, 
having a slight feathery wisp at the top, the uppe>r part having 
two slight bulbous expansions Its lustre was apparently that 
of a white-hot wire. I uttered an exclamation which brought 
all the occupants of the carnage to the windows. We watched 
the app ^arance and saw it gradually change in shape The branch 
or wisp at the top extended, as did every part, both longitudinally 
and in breadth. It was visible to us for about a quarter of 
an hour, and finally disappeared behind a cloud. It was even 
then quite white, whereas all the clouds were inky-black. It 
appeared to the last to shine with its own light. The pas- 
sengers m the other carnages also saw it, and some, I was 
informed, became strangely excited, two ladies showing fear 
and symptoms of hysteria. Curiously, a similar report comes 
from Auckland : some people manifested alarm. By the great 
majority, however, of those who saw it it was regarded as an 
object of interest and beauty. Those in the carnage where 
I sat who had seen waterspouts (of which 1 was one) agreed 
that at one stage the streak resembled the slender streak of 
bright light which is often seen as a waterspout finally dis- 
appears; but this streak was (1) much too brilliant, (2) much 
too minute, (3) much too high for such an explanation. I 
tried to form an opinion of its altitude and azimuth, but from 
a tram going some twenty miles an hour over a line with curves 
this is no easy matter, and no reliance can be placed on such 
a determination. It, however, helps to form an estimate of the 
accuracy of other determinations. I thought the azimuth would 
be between 305° and 320°. I guessed the altitude at about 
16°, but I had no horizon in view. 

The apparition was seen from other stations. At Hokitika 
it was seen “ m the north-western sky.” At Nelson it was seen 
by many persons. One observer, Miss Bertha Maguire, an artist, 
showed an intelligent and artistic appreciation of the pheno- 
menon ; she sketched the object as she saw it, and her sketches 
so accurately represent what I saw that it is hardly necessary 
that I should cxerc se my feeble sketching powers. The dii- 
ferenoes between Miss Maguire’s sketches and what I saw are 
small,-and consist of the following • I should tepresent the streak 
<1) as being more slender, (2) as having a little wisp at the top, 
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and two slight bulbous swellingH near the top, the beginning, 
perhaps, of expans on. Bv Miss Magmre^s kindness and eonr- 
tesy I am able to show you tlie original sketches It was seen 
from Otaki, Wanganui, Haleoinbe, New Plymouth, Waiuku, and 
Auckland The tunes from all these places agree, and also the 
description, except that some of the details are want iig from 
New Plymouth, whence the sketch is of two balls of light with 
an interven ng streak ol light 

The following azimuths have been given Hokitika, “ m 
the north-western sky ; Nelson, two observers 292^\ and a 
third observer 315® magnetic , at Wanganui an observation 
was taken at a very late stage of a wisp of the cloud, the 
bearing being 295® , New Plymouth, 310® ; Waiuku, exactly 
above where the sun set (299® 16' true). From Auckland three 
bearings are given one, 358® magnetic, is an obvious mistake, 
and probably a clerical error The second is 243®, said to be 
by observation with a prismatic compass * this being magnetic 
would give 268® true The difference between these two is over 
100®, quite beyond personal error. The third Auckland bearing 
is inexact — “ to the south of west,** There is also an azimuth 
from Otaki— W.N.W., or 303® 45'. These discrepancies may 
partly disappear when we learn which observations are “ true *’ 
and which “ magnetic.’* 

There is a lixe discrepancy m the observations for alt tude. 
Even three observations from the same place are discordant. 
The altitudes given are from 10® to 40®. Of course the real 
altitude would not be the same for different places, but one 
would like agreement between different observations from the 
same place. The New Plymouth observer, Mr Palmer, a sur- 
veyor, gives 35® My guess was 16®. The Otaki observer puts 
it at 12®. The Otaki altitude ought to coincide with whatever is 
correct for Waikanae. Mr. Buckeridge, of Auckland, gives “ 16®, 
taken with a Barker’s altitude instrument ’* Two sheets of 
paper, which I will call “ A ” and B,” were sent me from 
Nelson, with the angles drawn as follows • Horizon to bottom 
of streak — A, 3® 30' ; B, 6® : horizon to top of streak — A, 10® ; 
B, 17®. Another Nelson altitude is 30®. No hypothesis can be 
formed which will reconcile all these; we can only hope to 
eliminate the bad ones. 

The total length of the original streak is rec koned as between 
6® and 10®, expanding to 16®, or perhaps 20®--».e.. from top 
to bottom, not following windings. The total length of the 
ribband of cloud, following windings, might reach 35®, or pxhaps 
more. The breadth at the beginnmg, as I saw it, was minute, 
and the light so strong that the apparent breadth may have been 
due to irradiation. The breadth at the end of a quarter of an 
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hour was nearly, if not quite, 2°. These ^ qnantiticB are eye 
estimates, corrected by comparison with others, and by using 
an instrument on an imaginary representation — not a satis- 
factory proceeding The figure gives some idea of the magni- 
tude of the object. 

Several persons claimed to have seen the very beginning 
One, at Auckland, says it shot up from the hori;5on at an angle 
of 70° or 80° to a height ot 40° I feel pretty sure the shootmg- 
up 18 erroneous , also, from my station tlie streak appeared 
vertical Another observer, Mr A Scott, Auckland, said it 
“ darted out of a cloud like a ball of silver ; after d opping a 
few yards it just for an instant threw oil coloured lights, 1 ke a 
rocket, and then left a pillar of silver light as it dropped to the 
earth The bright perpendicular column, which remained per- 
pendumlar for nearly a minute, made (juite a weird impression, 
till it began to be blown about by the wind. The silvery light 
would remain for about ten minutes ’’ 

Miss Maguire, the artist, whose name I mentioned above, 
says her impression is that her eyes were directed to the exa<Jt 
spot of the sky at the moment the objei’t appeared. I see no 
reason to doubt this. If a person’s eyes are directed to a point 
in the sky, and an intense gleam of light appears in the neighbour- 
liood, the eyes are instantly drawn to bear on the spot where 
the gleam appears. Miss Maguire says her first impression was 
a flash of “ crinkly lightning ” Another observer at Nelson 
says he saw a ball of light fall and burst 

Mr. F G Gibb, of Nelson, a person of scientific attainments, 
whose observations are entitled to great weight, WTote to a 
newspaper describing what he saw He says, “ The sky was 
clearly visible at the time, and the ‘ streak of lightning frozen ’ 
remained clearly visible for about half an hour, though an ob- 
server who was well situated declares that the luminous cloud 
into which the streak resolved was visible for two hours. I 
turned a 5 in refracting telescope upon the streak withm a 
minute or two after the fall of the meteor, and found that it 
consisted of long-drawn-out wisps of luminous cloud, which 
had, I am almost sure, a slight movement downward. The 
direction in which it appeared from the Town of Nelson was 
exactly north-west magnetic.*’ 

The description by Mr. Palmer, of New Plymouth, difiers 
surprisingly from ail others. He says he first oMerved a lumi- 
nous head, and afterwards another ball of light also appeared 
lower down. This latter shape it kept for about ten minutes, 
and then finally dissolved. His sketch is of two balls, one above 
the other, not quite vertically, connected by a thre^ of light, 
which is prolonged beyond the lower one. 
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My own first view luuat have been some instants (hardly 
seconds) after the commencement. What I saw was a streak 
of intense white light, with two small bulbous expansions near 
the top, these (‘xpansions forming the bnghtest part , also a 
very small feathery expansion at the very top 

T am now trying to work out the distance, a simple enough 
problem given acmirate observations , but, unfortunately, there 
are such discrepancies in the observations that the first busi- 
ness 18 to find out and eliminate the, incorrect ones — no easy 
matter. 

It is a source of great pleasure to me to have to record this 
interesting phenomenon, the more so because, so far, it would 
appear that the occurrence was absolutely unique. No such 
phenomenon has, to my knowledge, ever been recorded before. 
Great meteors have often been seen and recorded, and then 
partly calculated I had the pleasuxe of seeing one of the greatest 
on record — one that gave more light than the, fujl moon, which 
passed over an arc of 90^ or more, and left a glowing tram, 30® 
or 40® long. But that train was gone in a few minutes. Yet 
this object seen by us left a tram which was still shimng brightly 
at the end of fifteen minutes, and was seen for another fifteen, 
and perhaps even, as some say, for hours. I fSiink I am justified 
in saying that those who saw it saw something the like of which 
has never been recorded. 

Since writing the above I have made inquiries in the hope of 
reconciling the wide discordances of observation. I regret, 
however, to say my attempts have been vain. This being the 
case, it is useless to attempt to fix the exact position ; how- 
ever, by graphical methods, selecting those measurements of the 
position of the head which appear to me most satisfactory— 
namely, Auckland azimuth, 258® true, altitude 15® . Nelson azi- 
muth, 330® true— I find this would seem to show that the head 
of the streak was probably over a spot something like three 
hundred miles about W, by 8. from Auckland — t.e., over the 
Tasman Sea. Its altitude above the earth was something like 
seventy miles for a minimum, and may have been over a 
hundred. If the brilliant streak was vertical it was about 
seventy miles long, but as it was probably seen very fore- 
shortened it was probably many times that. The riband- 
shaped cloud was several times as long as the bright streak, 
ljut I do not think this was due to an actual lengthening, but 
rather to the fact that previously invisible vapour in the track 
of the meteor became visible by cooling. The widening of the 
stimk from a mere thread to a band some 2® wide was probably 
chiefly due to expansion. It would appear to have had a final 
thickness of some miles. This would indicate either a consider- 
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able breadth)^ tor the meteor or prodigious temperature, per- 
haps both. In mv opinion the meteor was not one solid mass, 

but a group of many small bodies, 
probably derived from the split - 
tmg-up of a large mass Appa- 
rently It must have met or been 
overtaken by the earth, as its 
course was from east to west. 
As the streak did not- appear to 
reach the horizon, 1 conclude 
that the meteor did not reai'.h the 
earth It either passed through 
a segment of the atmosphere and 
a wav, or it was dissipated by its 
pissage through the air. The 
drawing shows the appearance of 
t he streak at the end of a quarter 
of an hour, as drawn by Miss 
Murphy. The appearance at 
first would be represented on the same scale by a steady vertical 
line about the lengthJ|of the top coil. 



Art. XXV. — Afaon Eschatology • The Whare Potae (House of 
Mourning) and Us Lore ; tmng a Descriptum of many Cus^ 
toms. Bdiefs, SuperstUtons, Rites, &c.y pertaining to Death 
and Burial among the Maori People^ as also some Account 
of Native Bdief in a Spiritual World, 

By Elsdon Best. 

[Read before the Auckland JnsUtide. (Sth De^smber, 1905.) 

‘‘ Even as the moon dies, and then, having bathed in the waters 
of life, returns to this world once more young and beautiful, so 
let man die and revive.” Such were the words of Tane, offspring 
of Rangi, the Sky Father, and Papa, the Earth Mother, to Hine- 
nui-te-Po, Goddess of Death and Hades, But Hine of the Dark 
World said, Not so. Rather let man die and return to Mother 
Earth, even that he may be mourned and wept for.” Hence 
we see mourning parties of the Maori people wailing for the 
dead. For what said the men of old ? — “ By tears and lamenta- 
tion alone may [a natural] death be avenged.’* 

Having collected some few notes anent Maori eschatology 
from members of the Tuhoe or Urewera Tribe, it behoves me to 
put such together in the form of an article, for the purpose of 
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pro8(*Tvation, ao as to place on record anv hitherto unpublished 
matter which they nuiv (*ontain, iriasmuch as the weeds of 
Tura ” have already come to me, and no man may know when 
he may drinl< of the waters of Tane-pi and lift the trail of Maui 
of old for the realm of Mini and of Hine 

Althoufjh my notes on some items are sufficiently numerous 
to give a fairly good idea of Native customs in past times, vet 
those pertaining to the ritual of burial and exhumation are 
decidedly meagre. Of the many incantations used on such oc- 
casions in the days of yore I have collected but few. This does 
not, however, affect the general reader, for such uiatter interests 
the specialist alone — ^lie who seeks to understand the archaic ex- 
pressions (contained in such cryptic effusions of the ancient Maori 

These notes have been collected from the descendants of the 
original people of that part of the Bay of Plenty district lying 
between Whakatane on the coast and Ruatahuna in the interior. 
My reason for using the past tense in this paper is because many 
of the customs heroin descnbed have fallen into disuse, while 
others again have been modified since the introduction of Chris- 
tianity. 

A considerable amount of interesting information aiient 
these matters may be found m the writings of the late Mr. John 
White, Taylor’s “ Te Ika a Maui,” and other works. 

The matter contained in this paper is given as collected 
from the old men of the T^hoe Tribe of Maoris, and is not made 
to support any pet theory of my own ; for I hold that we who 
dwell in the dark places of the earth should confine our attention 
to placing on record original matter only, and carefully suppress 
any desire to theorise or generalise. 

Mythical Origin of Death. 

In perusing ethnographical works we often meet with the 
statement that certain primitive peoples or races appear to 
be or have been imbued with the idea that death is unnatural ; 
that in the dawn of time man was immortal, and knew not death 
until it was introduced by some accident, or offence committed 
against the gods. Among such peoples are invariably found 
singular myths to account for such introduction. 

The Maori of New Zealand come under the above heading, 
as will be shown anon. In studying Maori cosmogony and 
anthropogeny we are first met with the statement that man is 
descended from immortal personifications-^.e., from Rangi, the 
Sky Parent, and Papa-iuanuku, the Earth Mother ; also that 
from the same source sprang the sun, the moon, and the stars, 
who are termed the marama^* (the Shining Ones, 

the Children of Light, who know not death). In the words of 



150 


Trnnmcitons, 


aii old Native, who was explaining to me the origin of death, 
The people of the sky [^e., the heavenlv bodies], they do not 
decay, neither do they fall ; they are not like the people of this 
world. As for the origin of decay among the people of this 
world, it was caused bv the act of Tane in seeking the female 
element. Rangi, (mr parent [the SkvJ said to Tane, ‘ The female 
element is below. Above is the realm of life, of immortality; 
below IS the realm Of death, of deca> , of misfortune ^ Hence, 
through that quest of Tane, came decay into the world Had 
be not sought the female element, then would man have been 
like unto the multitude in the sky above — he would have lived 
for ever ” 

Here we see that the Maori traces lus descent from a ]mmal 
pair, Sky and Earth, the male and female nature respectively, 
and also that the deathless Shining Ones, the heavenly bodies, 
had a similar origin He saw that all these were immortal — 
** they do not decay, neither do they fall — hence something 
must have happened in the dawn of time which caused man 
to decay, something that caused death to enter the world. The 
mind of the primitive Maori was equal to the task of explaining 
that cause. He evolved the myth of Mam and the Goddess of 
Death The dead person is often referred to in funeral speeches 
as having been caught in the snare of Hine-nui-te-Po, the guardian 
of Te Po (Hades, the realm of darkness), she who drags men down 
to death. It was this Hine who first proposed that decay and 
death should be the lot of man (see first page of this article), and 
her proposal was opposed by Tane, or, according to some autHo- 
rities, by Maui In regard to natural decay and death, it was 
proposed by our ancestors that man should die as the moon 
^es ; for when the moon wanes and comes near to death he hies 
him to Te Wai-ora-o-Tane [the life-giving waters of Tane], in 
which he bathes and so recovers his youth and strength. Our 
ancestors said, ‘ Let man so decay and revive, that he may re- 
turn to this world ’ But Hine would have none of this. She 
said, * Not so ; for man would not be mourned* Let man die 
as earth-born creatures die ; let him return to our Earth Mother, 
even that he may be mourned and lamentetl’ (‘ms malemaie a 
onCi hta mihtct ai, hia m *),” Then came the struggle 

between Hine and Mam, the attempt of Maui to gain eternal 
life for man being thwarted by the Goddess of Death. 

An old-time saying of the Maori people (published by Sir 
George Grey in his Moon Proverbs is this— Me tanyi, 
ka pa la te mate i te rmrafna'" ; which he translates, “Let us 
weep over him ; he has departed for ever ; if he had disap- 
peared like the old moon we would not have mourned— rhe 
woijJd have appeared to us anew after a time.*’ 
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Myth or Maui and Hine-nui-te Po 

Maui 18 porhap« the jinncipal representative of the age of 
heroes in Maori mythology, being one of the demi-gods who per- 
formed wondrous deeds in the misty past, when man was young 
upon the earth. It was Maui who proeiired fire for mankind, 
who lengthened the dav by chastising and binding the sun, and 
who iB credited with many impish tricks, all of which the Maori 
delights to recount But no reverence of any kind is paid to 
him. 

As t<i Hine-uUi-te*Po and her origin, it was m this wise 
Tane, one of the progeny of Kangi and Papa (Bky and Earth), 
sought his parent Ran^ and asked, “ Where is the female 
element ^ ” Rarigi replied, The female element is below ; 
the abode of life is above.” This may refer to Papa, the Earth 
Mother, whose pliK‘e in nature is below the heavens, while above 
is the vast expanse of the heavens, the denizens of which know 
not death. It is evident that for many (*en tunes the Maori 
mind has been deeplv imbued with animism, as a studv of their 
myths will prove to the inquirer. 

One authority gives the following as the reply of Rangi to 
Tane : “ The female element m below ’ it is the abode [or 
origin] of misfortiino, of death. The realm of life is above 
Our descendants shall not be as we are, and as are our grand- 
children— the sun, the moon, the stars, the Hiriatore. Pari-kioko, 
and Hine-rauamoa — for they shall know death, the death of the 
lower world, and b#^ mourned ” (“ Kia mat£ ao, ha mihia^ ha 
tangihia ae”). 

Whether the term used in this myih—i.e.y ” uha ” — ^applies to 
the Earth Mother, or to Hine-nui*te-Po, who is said to have 
brought death to man by slaying Maui m a very singular 
manner, it is evident from a perusal of this myth that death 
and misfortune were supposed to have been caused by, or 
originated with, the female element. 

Tane sought long for the female element, and in so doing 
he produced trees, shrubs, and plants, until he came to two 
beings named Roiho and Roake, who told him where to find 
woman. That woman was Kurawaka, who had ^en fonned 
by Tiki by means of the tira AU, 8he^ was formed from the 
sacred mound termed Puke-nui-o*Papa, which represented the 

¥ >, the realm of darkness, of oblivio^ and sin. By Kurawaka 
ane had Hine-^ahu-one. He took his daughter to wife and had 
Hine-ahuarangi, whom he also married and had Hine-titama. 
Tane took her also to wife, until one day she asked, “ Where 
is my father 1 ” Tane replied, I am your father.’’ So shocked 
was Hine*titama to learn this fact that she fled to the lower 
world, to Tane-te-wai*ora, She was pursued by her father 
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(whose fitll name was Tane-mu-a-ran^o), but refused to retuni 
with him, sayinf^, “ Return thou to the upper world, that you 
may draw up our descendants to lip^ht and iif<; ; while I remain 
here below to drag them down to darkness and denth ” 

Hero some Natives stale that Hine-titania became Goddess 
of Death and of Hades, and was ever alter known as Hiueoiui- 
te-Po Others say that Hine-uui-te.-Po was a daughter of Mine- 
titama and Tumurangi. Yet again other versions give Hme- 
ahu-one as the one who became Queen of Hades, others that 
Hine-a-tauira (which seems to be another name for Hine-ahua- 
rangi) obtained that important post However that may be, 
it is admitted by all authorities in tins district that Hino-nui- 
te-Po is Queen ot Hades, and the origin or cause of death. De- 
scendants of Te Tmi-o-Awa state that she had two younger 
sisters, Mahaika and Hine-i-taj>eka, who were the personification, 
or origin, of fire. Mahuika was the living fire, the ordinar}^ fire 
of this world, while Hine-i-tapeka (or Hme-tapeka) represented 
the fire which burns in the underworld, the tokens of which are 
the charred trunks of trees, and charcoal seen in deposits of 
pumice, as at Kaiuga-roa. When Mam, the hero, sought to 
obtain fire for man he sought Mahuika for that purpose. 

Hine-nui-tePo. Mahuika Hine-tapeka 

I I 

(1) Tako nui, (li Motumotu-o-rangi, 

(2) Tako roa, {2) Ngarahu-o ahiraogi. 

(8) Manawa, 

(4) Mapere, 

(5) Toiti 

Now, the fire seems to have been contained m the body of 
Mahuika herself, oi in her fingers. The names of her five children 
given above are those of t]^ fingers and toes, beginning with 
tako-nuif the thumb, or big toe, down to toUh the little finger 
or toe. These wore the fire children, or offspring, of Mahuika, 
whose name is viewed as a synonym for fire. The names of 
Hine-tapeka’s offspring imply firebrands and charcoal. 

When Maui applied to Mahuika for fire she pulled ofi one 
of her fingers and gave it to him. Tliis finger was fire. Maui 
took it aside and promptly extinguished it, after which he re- 
turned and demanded again the fire of Mahuika, which was 
granted him. This also he extinguished ; and so on until he came 
the fifth time, when the enraged Mahuika plucked ofl her last 
finger and ca€rt- it at Maui. The fire raged fiercely and pursued 
Mam, who was almost consumed by the same, when he bethought 
lumself of calling upon his ancestors to cause the heavy rains 
to fall, which soon extinguished the pursuing fire. The remnants 
of fire fled to the woods and took refuge hi the kaihomako 
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and some other trees, from which the Maori people procure fire 
by the htka, oi generating pr<x?e8S. 

Then it was that Hine-nui-te-Po resolved to avenge the 
destruction of tlie progeny of her sister Mahuika To prepare 
the way, and to render Maui susceptible to h6r designs, she had 
recourse to magic, for it had conic to her knowledge that Maui 
had designs against her. 8he sent one Kahukura (a butterfly) 
as a messenger to obtain the ana* of Maui, in the form of a drop 
of has blood But Maui slew the messenger with a slap of his 
hand Then Mine despatched Waeroa (the mosquito), but Maui 
heard the inseol humming and deatroyod it Then Tuiau (the 
midge) was sent, and death was the lot of Tiuau, But when 
Hine sent the silent Namu (sandfly), smujess was won, and she 
obtained a drop of the blood of Maui, over whu^h she performed 
certain rites of magic to enable her to take the life of Maui 

At a certain time the thought came to Maui that ho would 
strive to gam eternal life for man, that man might revive from 
decay as the moon does He called together lus people — ^the 
forest elves, the birds, and the multitude of the Mahoihoi — ^and 
explained to them his design They said, “ Maui, you will 
perish Beware ^ Your spirit has been taken by Hme-nui- 
te-Po ” But Maui persisted, and so he and his jieople fared on 
until they fotmd the diead Goddess of Hades, who was asleep. 
Said Maui to his folk, “ You must; be veiy careful not to laugh 
while I enter the body of Hme, lest she awaken and slay me. 
When I have gamed [or obtained] her manawa^ then at) will 
be well Do as I say and Hme [or her power to inflict death 
upon mankind] shall be destroyed.*’ Then Maui essayed to 
enter the body of Hme by the passage whence man is born 
into the world. But when he had half entered, the strange sight 
was too much for Piwakawaka (the fantail, a bird), who laughed 
aloud. Hence awoke the dread Goddess of Death, who, by 
closing her puapua (i labia) caused the death of Maui. So 
perished Maui, hero, he who performed marvellous deeds, 
hut who succumbed in his effort to gain eternal life for man. 

{Ka h atu a Mam ki ana iwi, Kei kata kouiou Id ahau, 
Mehemea ka uru ahau ki roto % nga puapua o Hine-nui^te-POf 
hex kata kontou ki ahau. Ki te kata kouiou^ ka male ahau ; ki 
te kore e kata^ ko ia ka maf^ i a au. Kia tom ru ano e ahau tona 
nutnawa, katahi ka hamumu ai koutou.*' Katahi ha tukua Ida 
ngaro ki roto i nga ktxwha o Hine-nm^te-Po, tu maro ana te nanakia 
i roto % nga kuha (kuwka) o Him. Na^ kua keke iho a Mam^ ka 
toe iho ia Id nga puapm o Hine-nui-to*Po, t tuhera (tuwhera) 

* Aria » semblance. This blood would be used os an ohonga (Bee 
Trsdosoctlcms, vol. xxxiv, p. 75.) 
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ana. Kihai i kata. No te iomokanga atu h roto^ katahi ka 
kataina mai e te moho4upereru, katahi ka whakakapm mai nga 
nga kuwha o taua wahine., mate tonu ika a Mam. Ko Mam 
tenet ka mate i a Hine-nm-te-Po ) 

In thiB version it is the tnoho bird which causes the disaster 
to Mam and the genus homo 

In an account of Maori magic gneii bv an old Native of 
Ngati-Awa (tribe) I note the following passage . “ Me tmiko ka 
te tawhito o Hme-nm-t^-Po, ko tena te aitta i patua at te tangata 
nana t raweke a raua tamankt ko tona taina.^* The tawhUo of 
Hine-nui-te-Po was the demon ihat destroyed the person who 
slew the children of her sister and self This word “ tawhito ” is 
a very ancient sacerdotal term for the organs of generation in 
man (membrum tnrUe). 

The object of Mam m entering the body of Hine was to gam 
her manawa, a term whioh is apphed to the heart, and also the 
breath {manawa-ora, the life*breath) In failing to effect this 
he lost the chance of acquiring eternal life for man, while Hme, 
m triumph, not only slew Maui, but carried out her will as to the 
introduction of universal death into this world. As her word 
was to Tane of old, ever she drags man down to the realm of 
death. 

Some Native authorities state that it was Maui who argued 
with the Queen of Hades as to whether death should or should 
not be allowed to enter the world, and also that Maui had 
deeply offended her by interfering with hei connection with 
Tuna, the eel - god. Maui decided, they say, to slay Hine on 
account of her practice of magic arts, by whioh means she 
destroyed many people. Her word was,— 

Ka kukati 

kukuti nga puapua 
0 Hm© mii-te Po 
Ka whai toremi. 

The drop of Maui’s blood obtained by Hine was used as an 
ohonga, or connection between her rites of magic and the person 
of Maui (See vol. xxxiv of the Transactions, p. 75, for an ex- 
planation of this matter.) 

The meaning of this singular allegorical myth may not be 
clear to our minds, for we have attained to a difleient plane of 
thought from that occupied by primitive man. We do not, 
and nevei will, understand the inwardness of the primitive mind. 
The time for us to do so has long passed away. But ever in 
Maori magic rites — barbaric ritual of a deeply superstitious 
people— may be noted the stiange belief that the female genitary 
organs are allied to death and misfortune, while the male organ 
was resorted to in order to save man from disaster, from the 
charms and spells of magicians. 
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In an old invocation or incantation repeated by the pries ta 
of old in order to relocate the breath of life m an apparently 
dying person we find the followinc * — 

Kai hea ? 

Kai hea to pii o to mat© ^ 

Kai runga, kai raro 

Kai to lukahika nui no Hine-nui*t©-P<», &c 

(“ Where is the cause or origin of death ^ It is above and 
below. Tt 18 in the organ of Hme-nui-te-Po **) 

A singular distjourse delivered by an old Native to myself 
puts 0 somewhat different complexion on the story of Tane 
seeking the female element. He said, “ I will speak of life and 
death When Tane approached hts parent Rangi, in his search 
for the female sex. Rangi said to him, ‘ The whare o aitua [abmlo 
of misfortune or death] yawns below, while open above is the 
whare o te ora [site of life, The former term implies the 

female organ, while the latter expression is applied to the ears, 
eyes, nostrils, and mouth. Now, when Tane found woman he 
was ignorant of the laws of procreation and of copulation, hence 
he mistook the purpose of tne ears, nostrils, &c. Now, if Tane 
had not interfered with the whare o ie ora, death would never 
have approached man; he would have retained life for over, 
even as do the childten of Tangotango, who are the sun, moon, 
and stars ” 

It will be noted that the above notes really contain two ac- 
counts of the origin of death, which may perhaps be accounted 
for when we know that these isles were not settled by one 
migration of Polynesians, but by at least two, whose myths and 
traditions may have differed somewhat. Moreover, I am be- 
coming imbued with the idea that many such origins or myths 
bear a twofold aspect as recorded in Maori tradition, the one 
being of a sacerdotal character, retained by and known to but 
a few persons, such as the piesta and chiefs ; while the other 
version is the popular one, known to all members of the tnbe, 
and appears conserved in the folk-lore of the people, often inter- 
woven with the doings of some popular old-time hero. 

The adventures and deeds of such beings as Maui, Tawhaki, 
Ac., are common property, told around any camp-fire, or in 
any place where Natives are gathered together No reticence 
marks the impartinij of such folk-lore tales to Europeans. But 
how different, and difficult, it is to acquire any matter pertaining 
to the real old-time religion, the cult of lo, the collector alone 
knows. 

The underworld, or Hades, to which the spirits of the dead 
descend, is termed the “ a word which also means “ night,’’ 
fiowi « dark; uri denotes blackness or very dark colour 
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This underworld of the dead will be treated of later on, but 
I wish to state here that the “ fo ” is a term often used as a 
synonym for death In bke manner the expression “ ao mararmC' 
(light world, or world of light) is employed to denote life, the 
world of life, this world we live m Hence “ light and “ life ” 
are, to the Maori, equal terms, as also are “ darkness ” and 
“ death,” 

A natural death is termed “ rmle aitu"' or “ mate tara whare,'^ 
sometimes “ hemo^o-aUu,'' Suicide is known as “ whakamo- 
mon.^^ 

In the very old myth of Mahu and Haereatautu mention is 
made of Noke, the Worm of Death Tins Haere was one of the 
rainbow-gods of the Maori. He was taken by Mahu to a paepae 
(latrine), where Noko entered his body and caused his death. 
This myth, as obtained, is too fragmentary to carry any ex- 
planation with it 

How THE Maori dies. 

As a rule the Maori meets death calmly and without betraying 
fear, but not cheerfully. (Who does ?) He had no belief in any 
future state of happiness, in any realm of peace whore the spirits 
of the dead abide amid either sensual, social, or intellectual 
pleasures ; no spiritual happiness and contentment awaited him 
after death His mentality had not evolved any form of belief 
m judgment of the soul after death, in any system of reward 
or punishment m the spint-world for virtuous conduct or sins 
committed while in the flesh. Hence he had no fear of future 
punishment, of suffering m the next world for sins committed 
in the world of life No priest terrorised imaginative minds with 
threats of awful suSerings after death, or demanded any form 
of payment for services rendered in averting such sufierings. 
To state, however, that the Maori possessed no system of etho- 
logy, as some writers have done, is quite wrong. His moral code 
differed considerably from our own, hence, with Western obtuse- 
nesB, we cannot grasp it, or even recognise it. To discover and 
study that system you must examine the working of the laws 
of the tapu cult, the intricacies of which have never yet been 
fully explained by any writer. 8m to the Maori was invariably 
connected with some infringement of tapu. No man in olden 
times was allowed to take part m any sacred or important under- 
taking until his mind, or heart, haa been purified by means of 
a very singular and sacred religious rite, which imparted to him 
moral, mental, and intellectual cleanliness. In the days that lie 
before we will endeavour to explain these matters. 

The old-time Maori generally met death bravely on the battle- 
field, even when put to torture by enemies. When dying from 
disease or natural decay they do so calmly, and even in an apa^ 
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thetic manner. One does not notice m the Maori so situated 
any of the keen desire and struggle to live so often noticed among 
white people His mind is too deeply imbued with fatalism 
for that Wlien stricken with illness, real or imaginary, the 
gloom of Te Po seems to already envelop him. More especially 
18 this noticeable when a Native believes that he has been be- 
witched. Once let him get this idea fixed in his mind and his 
doom IS sealed; he will surely die ero long. I have known 
such cases in this district during the past few years. 

When a person fell ill he was almost invariably taken a little 
way from the village, and either a miserable shed of brush or 
palm-leaves erected over him, or he was simply left in the open. 
He would not be allowed to die in his house, on account of the 
intense iajiu which pertained to death If he did so, then the 
house could no longer be used, for it would be tafu, and would 
simply be left to decay. In former days, when fighting was of 
common occurrence, it often happened that a fortified village 
would be deserted on account of the blood of its occupants 
having been spilt there while defending the same against an 
enemy. In such a case, if no local priest was deemed sufficiently 
high in his profession to lift the tapu from the blood-stained 
deiences, then the garrison deserted that place and built another 
fort elsewhere When Te Kanapa and others were shot at the 
Mana-tepa Fort, at Ruatahuna, in the early forties, that strong- 
hold was deserted by the garrison on account of blood having 
been shed therein ITie forts known as Te Tawai and Tc Rape, 
m the same valley, were deserted on account of certain people 
having been buried therein. 

For the reasons above stated, the Maori usually died in the 
open air When death was seen to be near, the sufferer was 
generally carried to the maroc, or plaza, of the village, and there 
laid on some mats on the ground, either without covering (if 
fine weather) or with but a rude shed over him, which shed 
would probably be open at the sides. At the present time a 
tent is usually used for the purpose. But often they die ab- 
solutely in the open. 

In many cases when nearing his end a person would say 
that he would die at a certain stated time, which he usually 
contrived to do. The people of his village, as also others, pro- 
bably, from adjacent settlements, would gather at such time 
on the plaza before the dying man’s couch and there await his 
dying words-^.e., his advice, injunctions, behests, Ac., as also 
his farewell greeting to his tribe. Such speeches are termed 
‘‘poroafciV’ or poroporoofct.” 

^en old Whakamoe lay sick unto death by the shores of 
Waikare-moana, a Native Land Commission was expected to 
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Boon arrive at that pla(ie The old man informed his people 
that he would not die until he had welcomed the Commissioners. 
Days ran into weeks, and the Europeans had not yet arrived. 
But Whakamoe clung to hfe, and kept his word ; for one mormng 
the waiting people saw canoes crowded with people leave the 
dark shadows under Huiarau and glide across the calm, bright 
waters of the rippling sea When tlie visitors — European and 
Native — marched into the village plaza the world-weary old 
warrior was waiting for them. He lay r)n hi.s last couch, on the 
ground, his relatives near him, and then was heard his voice 
uttering the old-timo greetings of the Maori people as he wel- 
comed the visitors from the outer world and the vale of Rua- 
tahu-na After this greeting he addressed his tribesmen, advising 
them as to how to conduct their affairs, and commending the 
visitors to their care and hospitality And then he bade farewell 
to his people, and so fared forth upon the great unknown 
ocean, like the children of Pam of old 

A Native prefers to die in the open air : He mxh% ki te ao 
marama te take, Ka mihi ta h te ao marama ka whakaterea e 
ia The reason is, he likes to greet the world of life and bemg. 
He greets the world he is about to leave. If a sick person asks 
to be taken out mto the open, that is viewed as a sign of death 
being near Sometimes, however, a person is not brought out 
thus mto the open The passing-away of a person, the last 
hour, is termed “ whakuhemohemo ” But even if a person died 
under shelter, yet the body would be exposed in the matae 
(plaza, court) after death for the mourning ceremonies, the 
lymg-in-state — of which more anon In the case of persons 
of low birth (ware), many rites and customs were omitted. He 
was a nobody, a person of no importance. But little ceremony 
pertained to the death <jf a ware 

Sometimes wlien a person of importance was nigh unto death 
a human sacrifice would be made One of his relatives would 
slay a person as a “ koan^aumv,'' as it is termed, the body being 
known as an “ ika koan^aumn ” (sacrificial fish, or victim)* 
The idea was an exaltation of the sick person. The body of the 
sacrifice was eaten, a portion of the flesh bemg given to the 
invalid. It is said that the act of slaying a person would servo 
the purpose of allaying the gn«d of the sick person’s relatives, 
who expected soon to lose him. 

The Maoris believe m omens innumerable. Signs of coming 
disaster, as a defeat in battle, or the death of a chief, are num- 
berless. If a comet (known as Tu-nui-a-te-ika ”) was seen, 
persona would ask, ‘‘ Who is the striken one ? — for such was 
a sign of death. Some tribes or clans had tribal or family 
banshees, such as Hme-ruarangi, of the Ngati-WTiare people. 
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These omens will not be inserted here, on account of their 
excessive number. Also, many of them have been published 
alreadv in my paper on “ Omens and Superstitions of the 
Maori ” * 

We will now attend the bedside of the dying Maf>ri and see 
how he fares when caught in the “ snare of Hine-nui-te*Po,” 
as the saying has it We will note, his thoughts regarding death 
and the spirit-world , we will look with his eyes on strange rites, 
and stand bv the priest who aids his soul to ijuit the wrecked 
body ; we will follow him to the underworld and commune with 
the gods of Hades and you shall see a man who dies cahnly, 
and m times of stress — as under toiiyiire — bravely For his mind 
has not been terrorised for long centuries bv pictures of eternal 
suffering after death His priests, in one respect, could teach 
us one grand lesson. He has not been taught to fear the here- 
after 

The end is near The sick person has been carried to the 
plaza of the village home or fort ; his relatives and friends are 
gathered here to hear his last words. If he be an important 
person, practically the whole tribe are present— at least, all those 
dwelling near by — though I have seen Natives travel forty miles 
over rough bush trails to see their chief die and to hear his last 
words. If he had been taken ill away from home his relatives 
would carry him thence on a litter, so that he might die on his 
own land and among his own people —a very desirable thing 
among Natives T have seen men so carried over the roughest 
forest ranges. 

The dying man would be found lying on some mats placed on 
the ground, and covered with the scant clothing of primitive 
man, probably a cloak woven from the fibre of the so-called 
flax {Phormium temx). When a Maori dies, such of his clothing 
as may have been used by him or have been in contact with him 
during his illness is either buried with him or burned at his death. 
In former times they possessed nothing in the way of clothing 
similar to European garments, but merely cloaks, capes, and kilts. 
Since the Natives have adopted European garments, relatives of a 
person near his end will often say to him, “ Put on your clothes,” 
and will assist him to do so. He thus dies m them, and is buried 
in them. If any such are left they are burned. But if he has 
any spare clothing packed away, such is not destroyed at liis 
death, but is taken by relatives Also, the vessels used to cook 
food in for a sick person, if his own property, are often destroyed 
at his death. They are destroyed for the same reason that his 
clothing was burned — lest others use them ; for death has its 

♦ “ Journal of the Polynesian Society,” vol. vu. 
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iapu, as lias birth In entering and leaving the world man is 
under strong tapu. 

But the tribe is waiting for the last words, the dying speech 
of our tupapaku (sick person) They have gathered to attend 
his death-bed — ie, to whakaheniohemo him. Prior, however, 
to this last farewell the sick man has c.alled his family around 
him — i e , the gem, or family group — and has expressed to them 
his wishes as to the disposal of his personal property, his mteresta 
in tribal lands, <fec., so that no trouble may ensue in regard to 
the same after his death. 

It must here be borne in mind that the Maori, being unac- 
quainted with any graphic system, made all important arrange- 
ments such as the above by means of explaining them in a formal 
speech to his people or tribe or subtnbe. The disposal of his 
property by a dying person in the above manner was equivalent 
to the making of his will Such an arrangement would stand 
good, and be respected by the people, because it had been ex- 
plained m the presence of the tribe or clan, as custom demanded. 
It was therefore a legal act 

“ I speak of the days of old When a man was near deaths 
his people collected around him when they knew that he was 
about to leave them The people assemble before him m the 
marae [plaza], they greet their passing chief : ‘ 0 sir, greetings 
to you ! We wish you to speak to your tribe, to your family, to 
your offspring.’ The patrianh speaks ‘ When my face is lost 
to your sight, live peacefully with each other Ever nonem- 
ber the persons who brought evil, and peace, into this world, 
as seen in Aotea-roa [New Zealand] The evil came from Tu 
and Taiigaroa, from Tane and Tawhmmatea , while peace and 
prosperity originated with Kongo and Haumia, with loio-whenua 
and Putehue. This [peace] is what you must hold to and pre- 
serve, as a means of salvation for the tribe in the time that lies 
before, as a treasure for the people, as a means towards peace- 
fulness Then shall the result be a treasured home, domestic 
peace, and a peaceful land Troubles shall not assail you.* 
Before the people of Hawaiki came hither to Aotea-roa peace 
prevailed in this land, and the men of old strove to preserve 
such peace. Observe the words of Toi the Wood-eater, when 
he, a dying man, addressed his jieoples. The tribes of Toi 
were assembled to say farewell to him, the lord of many clans. 
There were seen the Turuni-rnauku, the Tmi-o-te-Marangaranga^ 
the Tiui-o-Tuoi, the Karauhe-maemae, the Kokomuka-tu-tara- 
whare, the Raupo-ngaueue, and many others. The Maranga* 
ranga greeted the old chief : ' 0 sir, greetings to you ! ’ And 
Toi said, ‘ Be careful to preserve the peace and prosperity 
handed down to you by your ancestors. Respect the behests 
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and trusts o£ your people who have gone before ’ The Tuoi 
arose : ‘ 0 sir, the father of the people, the holder of the tribe, 
salutations to you ! ’ And Toi replied, ‘ Hold to the welfare 
of your people, preserve it for the generations to come ’ Arose 
the Raupo-ngaueue * ‘ 0 father, we greet you — you who nur- 

tured the people that they might retain life in this world ’ 
Said Toi, ‘ My words to you shall not differ Your salvation— 
it 18 tht‘ advice given by Puhao-rangi and loio-whenua — ^thf' 
welfare of the tribe, preserve it.’ So died the famed Wood-eatei. 
Toi of Ka-pu-te-rangi ” 

It must not, however, be supposed that the last words of a 
Native chief were always of the above nature far from it. 
The much-quoted Toi was the high chief of the txingatu whenua^ 
or original people, of the Bav of Plenty district, a people who 
were not, apparently, of a warlike disposition, in which respect 
they much differed from the later migration of Polynesians 
to these shores 

A leading feature in such valedictory addresses of a dying 
ihief to his people lay in his strenuous urging of them to avenge* 
such defeats, or murders, or insults as had been suffered bv his 
tribe, and which accounts were not yet “squared ” 

The term “ oha ” is applied by the Maori to all wishes, instruc- 
tions, and advice of a dying person, as also to the property he 
leaves to his descendants. It also applies to his widow and to 
the tnbe (Ko te hayu^ he oha rrn te tanffaia rangaHra hua ntaie) 
Williams’s Maori Dictionary gives . oka - to greet ; maioka - 
to greet ; koha - parting instructions, respect, regard, a present, 
gift, &(!. , oha - a relic, keepsake, a dying speech , whakatau- 
oha = to make a dying speech ; oha ^ generous, &c 

Dying people are sometimes farewelled by the assembled 
people before they expire, but most of such speeches are uttere<l 
when the body is lying m state— i^c., after death The 
(wailing) also sometimes commences when the person is in 
eMtmm, The tarewelling remarks of the people at this time, 
however, are as a rule not long speeches, but brief, sententious 
remarks, pregnant with mytho-poetic ideas and the mentality 
of a primitive people e,^., llaere ra, E Pa! Haere ki ou 
tipuna. Haere ki Hawaiki. Haere ra, E te pa-whakawatrm / 
Haere ki Pa&rau^ {*' Farewell, 0 father ! Go to your an- 
cestors. Depart to Hawaiki. Farewell. 0 the pa-whakmmtrm / 
Go to Paerau.”) 

The terms “ Hawaiki ” and “ Paerau ” are m such cases used 
to imply the spirit* world, or perhaps the fatherland of the race in 
the sense of its being the place where the genus homo originated. 

At other times the wailing commenced when the breath left 
the body, 

6— Trans, 
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Thb 0 Matenga and Wai-0‘Tane-pi. 

Wc will now glance at the singular custom of the o pnafenga 
(food for the death- journey), the supplying of food to a dying 
person for the long journey to the underworld, the realm of the 
dead. “O’’ is a term applied to food earned on a journey; 

matenga ” denotes the time or circumstance of dymg. Apart 
from this “ death (or dying) foocl,” the spirits of the dead are 
often spoken of as partaking of food in the land of spirits. 

“ Just before death, or perhaps the day before, a dying person 
often asks for some article of food wluch he fancies he could 
rehsh. That food is obtained , it is eaten then death ensues ” 
The food so desired would be obtained for the sic^k person, 
however distant or difficult to procure. 

Perhaps the favourite foods as o mitenga desirexl by the men 
of olden times were — (1) human flesh , (2) earthworms (take) , 
(3) dog’s flesh , (4) rats (kiore) 

If when a person of rank was near death he desired to partake 
of human flesh as an o maieviga^ a party of his people would sally 
forth and slay a member of some other clan or subtnbe of the 
surrounding people, or a member of another tribe. The body 
was cleaned, dismembered, and brought to the village home, 
where it w^as cooked in a steam-oven. A portion of the cooked 
flesh was partaken of by the dying person as his last meal in the 
world of life ; the balance was eaten by the people. 

When the war- party of Te Whakatohea Tribe, under Makawe 
and Heretaunga, attacked the people of Te Papuni, slaying 
Mahia and others, the chief Makawe was seriously wounded — 
so much so indeed that he was soon brought to his death-bed. 
Wlien near his end Makawe called upon his people to provide 
him with an o matenqa of human flesh. Thereupon a party of 
warriors attacked a village at Puke-taro, slaying several people. 
The heart of one of these victims was carried back to the Wha- 
katohea camp at Te Huia. But Makawe had already passixl 
beyond the need of o matev^a in this world Anyhow, that 
article would not be wasted. 

Earthworms were another favourite o matenga in days of 
yore. The generic term for such is toke (or noke), but there 
are many different varieties, each having its distinct name 
The two favourite kinds for the above purpose were the w/iiti 
and hurekiire* They were stoneboiJed in vessels of wood or 
stone, and*certain herbs (greens) mixed with them prior to being 
eaten It is said that the sweet flavour (taunra) of this food 
remained on the palate for two days after the consumption 


♦ The kunMure i» Token eseidmtat named by Professor Benham. (Bee 
vol. XXXV of the Transactions, p. 64.) 
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thereof. So priised was this article of footl that it was reserved 
for the chiefs. Hence it was termed a ('hiefs death -food. 

When Mura-kareke, a famous ancestor of the Tiihoe Tribe, 
came to his death-bed at Raorao-totara, a dog was killed, that 
its flesh might bo utilised as an o watenga for linn 

The flesh of the frugivorous native rat was also a much 
esteemed artK’le of food, and often used for the above purpose 
Regarding the Native habit of changing personal names when 
anv important event occurred, this often takes place wJien a 
person dies In many cases such now name is taken from the 
o m<iieriga, or last food pai taken of by tlie invalid The last 
thing so oaten bv a person at Te Waimana was an orange, or 
“ arani in Native pronunciation Hence a relative gave lus 
newly born child the name of Te O-arani ~t.e the orange 
o niaien4fa, or the orange journey -food Hatata, an old man 

of Rua-taliuna, reeontlv assumed the name of Kuku because 
his grandchild ate some kuhu (imiHsols) just before death 

A person at Rotorua partook of some Ma-whUi (a species 
of Vordyhne) as a last food, therefore a relative assumed the name 
of Te O-ti In another case, at Kuatoki, the flnal thing taken 
by the sufferer was a (uip of tea (“ ii ” in Native jironunciation), 
hence a j elated child was given the name of Te O-ti In some 
cases the last thing taken is a dose of medicine, or some stimu- 
lant. Hence the local names of Pua-wanaiiga (~ clematis; a 
medicine concocted from this was the last thing swallowed by a 
relative) ; Te 0-parani {parani «= brandy) , and many others, 
too numerous to mention These last three cases, however, 
should come under the heading of the wai o Tmie-]n 

“ A person is near death ; he has ceased to partake of food, 
but can still take fluids. When he wears his end the sick one 
says, ‘ Give rne some water.’ That is the wai o Tanc-pi^ the 
last drink on his road to the realm of darkness.”* This expres- 
sion, “ the water of Tane-pi,” is applied to the last drink taken 
by a dying person. It is a hqmd o maienga. The term ” wat 
o Tane-pi is applicable to death It was just cold water, the 
only beverage of the Maori in pre- European days. 

When a man was near death he might say, ” O that 1 nught 
drink of the waters of [such a stream] ! ” and that watiT would 
be obtained for him, that he might drink thereof ere he passed 
away. 

When Te Maitaranui (of Tuhoe) and Te Roro *{of Ngati* 
Manawa) were slain at Te Reinga such an incjident occurred. 
Te Roro fled, but was pursued and caught. Seeing that his end 
had come, he said to his captors, Taihoa ahau e pain, ha %nu 
ahau i te wai o Km4arahm^^ {“ t)o not slay me until I have drunk 
of the waters of Kai-torahae”), Kai-tarahae is the name of a 



164 


Transact tom. 


stream which flows into the river at the Reiiiga Falls. Te Mai- 
taranui remarked, “ He mann hou ahau^ he kokanga ka rerea ” 
(“I am but a fledgeling bird, a nest just forsaken ”). This was 
in allusion to his youth, wliich did not, however, save him. 

The origin of the name “ Tane-pi ” is not clear. Another 
form 18 wai o Tane-here-pi, wliich may be the same thing, or con- 
nected with it When the Ngati-Tai people attacked the Pane- 
nehu at Wai-kurapa they slew the two children of Tu-naimi — 
Tai-auhi-kura and Tu-auhi-kura When their father heard of 
the death of the children he exclaimed, “ Having fed you on 
the urn 0 Tane-here-pi, I thought you would have been strong 
enough to take (‘-are of yourselves ” 

The term “ whahttnaui ” implies the rallying and recovery 
of a person apparently dying — “ Mana ano e whakamam ake ” 
(“ He may possibly rally round ”) The origin of this expression 
18 a feat performed by the old-time hero Maui At one time 
during his adventurous career he was captured and slain, some 
say by Hine-nui-te-Po Hut the slayers of Maui reckoned 
without thoir host, for the spirit of Maui entered into his body 
again, and he came back to life 

Manawa kiore This expression imphes the faint breathing 
of a dying person who is past speech. 

Of a person in extremis a Native will say, ‘‘ Kai te ihu o te 
tupapaku te manawa e nga ana, kua kore kat raro,^^ or “ Te mana- 
wa 0 te tupapaku he} te ihu tonu e hapo awa” — meaning that the 
faint breathing is only noticeable bv a slight fluttoing or move- 
ment of the nostrils ; the heart pulsates only at the nose. 

The flnal expulsion of breath by a dying person is termed 
the “ puhanga ake o te manawa'' (“ There i 8 one flnal expulsion of 
breath, the eyes stare wildly, it is death’'). 

Hirihiei; Ara Atua. 

Of tlie many rites performed over a sick person by the to- 
hunga, or priest, 1 shall not here speak, inasmuch as I have 
already put them into the form of a paper which forwarded 
to the late Dr Goldie, and which will appear in the forthcoming 
volume of the society’s Transactions, together with many other 
items concerning Native treatment of disease, &c There is, 
however, one rite, as performed by priests over dying persons, 
which has a place here, and that is the assisting of the soul 
or spirit of man to leave his d}nng body. This rite comes under 
the term of “ htrihiri'' whicdi expression needs a few words of 
explanation, inasmuch as it has several bearings. The hirihiri 
tarn is a ceremony performed over warriors about to lift the war 
trail, and has been described in a former paper. Another htri- 
hiri is that peculiar rite by which a demon which causes disease 
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by entering the body oi man is forced bv priestly arts to leave 
the sufferer’s body and take itself off. The hinhirt of which 
we now speak is a rite the performance of which assists the soul 
of a dying person to quit lus body and wend its way to the land 
of spirits One of the obje(;ts of this ceremony is that the de- 
parting spirit may be indu(5ed to pass straight to spint-land, and 
not remain m the vicinity of its former physical basis to afflict 
the living. 

In the performance of this peculiar ceremony the priest sus- 
pended over the mouth of the dying subject a piece of the hara- 
kehe leaf (Phornnum tmax), or a blade of some sedge-like grass, 
or of tutumako This was the ara atua, descnbed by me in 
Dr. Goldie’s paper By it the passing soul was supposed to leave 
the body, and was assisted to do so by means of an invocation 
recited by the attendant priest, and termed a “ hnhri ” 

So soon as the breath of hfe has left the sufferer’s body the 
wailing for the dead is commenced by surrounding relatives 
Since the introduction of firearms a custom has obtained of 
firing guns when a person dies, and also during the mourning 
ceremonies which follow This is termed a “ nmimai aroha ” 
(token of affection) 

The eyes of the defunct are closed by a relative 

When the sound of gun-firing is heard at a place where it is 
known a person has been lying ill, then it is understood that he 
18 no more, and people may be seen wending their way from 
adjacent settlements to that place, in order to join in the wailing 
{tangihan4)a) for the dead Sometimes guns are flred just prior 
to death, when it is evident to the attendants that he is passing 
away. 

in former times it often occurred that on a man’s death 
his widow or widows would commit suicide — usually, perhaps, 
by hanging themselves, or by throwing themselves over a cliff ; 
but in later times, often by means of firearms. 

So soon as the death of a man occurred his body was 
“ trussed ” for burial — i.c., before it became cold ; albeit it would 
not be buried for some days. This “ trussing ” process, styled 
“ rukuruku ” and “ horukuruku,^^ consisted in crossing the arms 
on the breast and drawing the legs up until the knees rested 
on them, under the chin, A cloak was wrapped round the body, 
and the limbs retained m the above-described position by means 
of a cord lashed round the body. The bodies of women were 
also manipulsted in this manner. 

Mortuaky Sacrifice. 

No description of Maori eschatology would be in any way 
complete without some reference to the custom of human sacri- 
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fices pertaining to the death of members of tlie cdiieftain class. 
As old Tutakangahau put it to me, “ A person was slam for a 
dead chief, as a koanqamnu [see ante], A p(‘rsoii of another 
hapu [subtribe] would be killed for the purpose, and ever after 
the people of that knpu would be subjec’ted to suc^h remarks as. 

‘ You wercT the human 8a<‘.ntice for mv ancestor’ This custom 
of sacrificung a person was an exalting of the dead person, a 
making much of ]jim ” 

If it was behoved that the dead chief had been bewitched, 
then the person who it was believed had bewitched him, and so 
caused his death, was selected as an da hoatufaunm, or sacriftco, 
or jierhaps another member of his tribe if th<* real culprit was not 
available 

There were two purposes for whicli persons were slain, in 
cases where no witchcraft w’^as suspeefed Men were killed to 
provide human flesh for the funeral feast, but these were often 
slav«s of the trifie, and the butr*henug of them was not a litual 
performance. But the putu hu w^as a very different thing. 
A person of good rank, perhaps a relative of the defunct chief, 
was slam as m exaltation of, and a token of respect to, th«' dead 
In this case, however, the body of the sacnfic’e was not eaten. 
The sacrifice was sometimes selected from the same subtribe as 
that of the dead chief, but more often from a different one. He 
would not necessanlv be slam at the home of the deceased chief, 
nor yet his body be brought there But a partv’' would go 
forth and slay him wherever they might find him, among his own 
people, and simply leave the body lying where death overtook 
it. for his friends to bury 

I have failed to obtain any confirmation of a statement 
made bv some writers that these persons were sacrificed at such 
a time m order that their spirits might attend that of the deceased 
chief to or in Hades, and that men of rank were never slam for 
the purpose 

MotJRNINO KOH i'VLE DrATi 

When a Maori dies the body is laid out on or near the nmrae 
(plaica) of the village for several days liefore it is buried, and 
it is during this period that the mourning is carried on The 
corj)8e is laid upon mats of w^oven or plaited fibres of New Zea- 
land flax, or of kkkie (a climbing plant with leaves which cou- 
tam a ^3ta‘ong fibre), and is covered with a Native cloak woven 
from the fibre of Phormtum temix, or New Zealand flax. Pos- 
sibly a rude shed may be erf'cted m which to so place tim 
body. In modern times a calico tent is often used. In this 
way is the coipse exposed to view prior to burial, and before it 
assemble the mourners, save the near relatives, who are grouped 
near and on either side of the bodv. In the case of a person of 
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tlie 1 ‘hieftain class, the corpse is decorated ))i various ways, and 
his weapons are suspended near his body, or laid by the side 
thereof It is, in fact, a lying in state 

To describe this Iving in state a Native will say, “ Such 
4i p<‘rson IS lying on the a/amirn/' or “ The corpse is lying on the 
atannra ” The Maori dictionaries irive this word as ineaning 
“ a low stage on which a dead person is laid out, one end being 
e’evated for the head However, it is now merely a figurative 
expression, no stage being used, but only mats. In former times 
the bodies of members of the ranqatira or chieftain class were 
covered with fine ornamented cloaks The hair was dressed 
Cr .refully, and prized plumes were placed therein The gar- 
ments, &c , ac.tuallv lying on the body, or in wdiich it was 
wrapped, were buried with it Those cloaks or wea])onH liung 
near the corpse wore not so buried 

At the presmil time a corpse is either laid out straight, or is 
])ropped up by and leans against a support/ing structuie 

If at death it was noticed, m former times, that one or 
more fingers of the dead person were extended, that was la ken 
as a sign that a like number of his relatives would die ere long 
The mats on wliK'.h a person lies at death are burned If he 
dies m a hut it must be burned, or deserted as ia^u Thes^ pre- 
cautions are taken in order to prevent the spirit of the dead 
from returning to trouble the living 

In addition to his weapons, fine garments, &c., exhibited on 
a person’s bier as a sign of his chieftainship, it was also a custom 
of yore to so display any prized heirloom or treasure of the tribe 
•with a similar view But the defunct one must have been a 
person of import^auco in the tribe t.o allow of sucli a procedure, 
for many of such ancestral treasures were looked upon as being 
fiucrod. Any person so depositing a prized family heirloom on 
the bier for the period of the lying m state paid a great token 
of respect to the dead. 

Wlren a person was lying m deatli in former times, should 
he fancy that he had been bewitched, and so done to death, one 
would take a fernstalk in his hand and strike the body with it, 
saying at the same time, Jnei. to rafeau ; anet to rakau hat 
ramki [rangah] t to mate ” (“ Here is your weapon ; here is 
your weapon wherewith to avenge voui death This act was 
to incite the wairm (spirit) of the dead person to turn upon the 
bewitohers and destroy them, {E whakatara ana tern t ie 
nmrua o tt tupapaku kui Jiautntu, km tahun hi nga tan^ata nana 
i raweke.) 

In Major Heajphy’s account of the Natives of Port Nicholson 
as noted in 1839 ne speaks of the fight near Wai-kanae known as 
^*Te Kuititanga.” “We entered the pa [fortj about three hours 
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after the fight was over. The chief, killed by a musket-ball, lay 
in stat-e on a platform in the large enclosure [marae]. His hair 
was decorated with hum feathers, a fine hulahi mat fcloakj was 
spread over him, a greenstone mere [battle-axe] was in his hand, 
with the thoiig around his wrist , his spear and musket were bv 
his side. The bodies of slam persons of infeiior rank were Ivmg 
in the verandahs of their respective houses, each ccveied with the 
best mat [cloakj, and with the personal weapons conspicuously 
placed beside,” &c 

As observed, so soon as the breath of hfe departed the wailing 
for the dead was (and is) commenced by those present. Bilent 
grief IS not thought much of by the Maori When the people 
of neighbouring settlements hear the gun -firing, or lamentation, 
they repair to the scene The relativen of the dead are nearest 
the body, the other portion of the assembled people are standing 
further from it, but at one or both sides, not in front of it, and 
facing the direction m winch the mourning party will march on 
to the marae, or village courtyard or common They arc per- 
fectly silent, save a few old women, who are in advance of the 
main body, and, with bowed bodies, are weeping and wailing in 
an extremely doleful manner No (5ry of welcome is heard. The 
mourning party march up m column, very slowly, and utter no 
sound. When within a distance of 30 yards, more or less, of 
the village people, and facing them and the corpse, the column 
halts, and then the tamjiJmuga, or crying for the dead, is com- 
menced by both parties No word is uttered, but the mournful 
crying and wailmg has a most lugubrious sound A Maori can 
open his tear-fonts at the shortest notice, even when attending 
the obsequies of his greatest enemy, lor whom he has neither 
liking nor respect They have a poor opinion of the silent 
grief of the white man, and express doubts as to its genuineness. 
A Maori enjoys a tangi, certainly if the defunct person is not a 
near relative or friend 

The inournets do not look at each other, or at the opposite 
party, during the crying, but usually look downwards. The 
tears simply stream down their faces , also their noses have an 
unpleasant habit of running copiously at such times. Hence the 
old-time saying, “ Ko Roimata^ ko llupe nga km utu ^ nga patu 
a Aitua ” ('* Tears and Hupef are the avengers of the strokes of 
misfortune t.e., of death). This expression is often made use 
of in funeral speeches, A Maon mourning party is not a plea- 
sant sight. 

This scene continues for some time. Those seen by myself 
were continued for varying periods, from half an hour to per- 

“••Scs© ‘‘Transactions of the New Zealand lustltvite,” vol. xii, pp. 38-39, 

f Bupe : Discharge from the nose is eo t-ermed. 
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haps two hours. But a similar scene would bo enacted on the 
arrival of every fresh mourning party, which might arrive, at 
ever widening intervals, for a year after the death of a person. 

During the iamphanga or weeping there are nsuallv' several 
elderlv or old women who advaiujo to the space between the 
two parties—? e., who place themselves m front of their respective 
parties- -and there, with bowed bodies and outstretched, quiver- 
ing arms, appear to act as chief mourners, though they mav not 
be the nearest relatives ol the de<‘, eased then present. This is 
termed “ tangi tikupa ” These few persons occasional) v wail 
forth a line of some dirge, and then recommence their wordless 
wailing sound 

Another custom much in evidence formerly at sikjIi times, 
but now di8(‘ontinued, was the haehae, or laceiatioii of the body 
bv mourners 

“ A Maori dies The people collect for the wailing. The 
nearest relatives of the dead show then affection by lacerating 
their bodies, faces, arms, and legs until they are scored all 
over It was a token of affection. Though the dead be male 
or female, daughter or son, that was the sign of affection of 
our ancestors The gieatest sign of their affection was the pre- 
serving of the head of a relative and carrying it about with 
them Rut Christianity put a stop to that. The laceration of 
the body was done with obsidian [flakes] • hence these words in 
an ancient dirge, ^ Homai he mata kia haehae [‘Give me 
obsidian, that I may lacerate mys^df 

This custom of cutting the body was practised by near 
relatives of the dead only (among the Tuhoe Tribe) These 
mourners presented a gruesome sight, stripped to the waist, 
b)o(xl streaming from numerous gashes made by the keen 
obsidian (mata), 

Auciit this cut! ing oi the body at funeral obsequies, Andrew 
bang, in his “ Making of Religion,” looks upon it as being prac- 
tised as a counter-irritant of grief, and a token ol recklessness 
caused by sorrow The Maori ever gives the one explanation 
thereof-— //e tohu aroha--B. sign of affection or sympathy. As 
the word of old was “ Yc shall not make any cuttings m your 
flesh for the dead,*^ so has the oustom died out in these isles. 

Another custom among these Natives is that of presenting 
gifts to the bereaved clan or relatives of the deceased. 8uoh 
gifts are termed “ taonga kopakt ” {(aonga ^ goods, property ; 
kopahiy as an adjective ~ wrapping, enveloping, (jovering). 
8ome of the persons who join the visitiiog mourning parties 
wiU bear with them such articles as fine cloaks, polished green- 
stone ornaments, &c. After the tangihanga, or wailing, is over 
such persons will step forward and present their gifte, laying 
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them on the f^round in front of the asHonibled people of the j)lae(' 
ThiB is a token of aympathv, of condolence 

“Friend, a fuither wonl When a Native (diief dies we 
do not Tuerelv lacerate ourselves, but also collect food to take 
to the obsequies for the dead , also fine garments, and jewels 
[proenstone ornaments | Those "who are inourninj^ for the dead 
are stripped [to the waist] They lacerate themselves Then 
eyes glare wildly When the lament ation is over the gifts are 
handed over— namely, the taotu/a kopaki Then the greeting 
to the dead commences ; he is farewelled Also are gr(?eted, and 
sympathized with, the living relatives of the dead ’’ 

It IS also a custom for moinnerh to (airry at such tunes 
green boughs of trees or shrubs in their hands, and to wear 
their heads fillets or (haplets of green leaves, <&<; T have heard 
it stated by Natives that in forniei times it was not the custom 
to invite people to come and mourn foi the dead, as is often 
done now by the relatives. It was left for jieople to so come of 
their own imtiative, prompted bv their syinjiathy. Tlie kin mate 
(an expression applied to relatives of a deceased person) would 
announce their intention of so going, and others would accom- 
pany them 

“ Our ancestors desired that man should die as the moon 
dies — that is, die and return again to this world But Hme-nui- 
te-Po said, ‘ Not so. Let man die and be returned to Mother 
Earth, that he may he mourned and wept for.’ Hence it is that 
we see the Maori people going to greet and weep for those who 
have died by the house- wall And tliose also who liave died 
by drowning or other accidents, there is but one way to avenge 
their deaths, and that is by lamentation. The only return is 
that of greeting, of weeping The mourning parties go forth to 
wail for the dead, and thus is death avenged [equalised] ” 

When the visiting mourners are njiaking speeches on the 
plaza, after the wailing is over, they speak directly to the dead, 
and not in the third person. They ever speak in eulogy of the 
deceased, of his good qualities, lus generosity, hospitality, cour- 
age, &c., frequently crying him farewell, and using many peculiar 
expressions, figurative, mytho-poetioal ; quota.tions from ancient 
myths, proverbial sayings, and aphorisms. Extracts of an alle- 
gorical nature culled from old- time loro, dirges and laments for 
the dead, are all introduced into their speeches. The com- 
panions of the speaker will join m many of the songs, perhaps 
in all, but the village people will not join in rendering those of 
the visiting mourners, nor will the latter join in those of the 
village people. After the wailing is over and the speeches are 
oommenoed the people usually sit on the grotmd, only the 
speaker standing, except when a song m sung, when those who 
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join in it all «taml up, uHuallv grouping themselves together, 
and always facing the opposite party 

The peojile of the place whert' the dead person is lying aie the 
hrsf to rise after the wailmg is over and deliver speeches The 
pniKupal persons only of either side deliver such formal speei^hes. 
When the first speakei has hiiished another arises, and so on. 
When till* last sjieaker of the home jieoplc has finished there is 
a short jiause ere Ihe first speakei of the visitors aimes This is 
to make suie that tlie honn* people have finislied sjieaking 

The speakers of tli<‘ home jieople will first address the visitors 
somewhat in this strain' //ocre mai, haere mai, haere mai 
Haerv rmu te nn , haore wai nga ramjatuatamja , haerv mm 
mja mam . haeie mat hi ie aiih hi to tat on papa v tahoto net. 
Km hinga to Uitou laia whakumarumaru Ko te mavawa ora 
hm nro, ho te ahiia aiiake i watho Ko tenei, haere mat : huria 
mat nga mate o era havnga, uiaina ma% hi run^a hi nga mate o tenet 
kainga Ko tatou he morehu no aituar &c (“Como hither, 
come hither, come hither Come the people , come the rank, the 
prestige; come and greet our father who lies before us Our 
sheltering tree has fallen. The breath f)f life has departed, the 
semblance alone is left. 8o now come hither, welcome . bear 
hither the troubles of other homes, join them to the afflictions 
of this place. We are but the survivors of misfortune.”) 

AVlien a speaker of the visitors rises he will first address 
the home ptmple ” (''all to us (Jail the troubles of other homes. 
Call to the people who sympathize with you It was said of 
old that man shall be caught, one and all, m the snare of the 
(roddess of Hades, that he shall be mourned and wept for. 
Hence we come hither Bv tears and grief alone shall [a na- 
turalj death be avenged,” ^Src. Then, turning slightly, so as to 
iinmediat^jly face the dead, the speaker addresses the body in 
the second person ” Toku papa, haere. Haere, haere, haere, 
haere. Haere ki te Po — haere la te Po — haere kt te Po. Haere 
ki ou tupuna. Haere ki Hawath. Haere h ou matua Haere 
la Paerau. Haere ra, te maioro te karia, te whakaruru hau. 
Haere kt TatvhUt-nm, hi Tawhtti-roa, ki Tawhi4%-paniamao 
Taka toi kuhurangt, haere. Mama ana te whenua i a kae kua 
nro i te tori a Him nui-te-Po, Km kore he tangata hai arm i 
te kino, i te aha, i te aha, % te aha,^' &c. (“My father, fare- 
well. Go, go, go, go. Go to the spirit-land — to the spirit- 
land— to the spirit-land. Go to your ancestors. Go to Hawaiki. 
Go to jom your elders. Go to Paerau. Farewell, the breast- 
work of the people, the shelterer from piercing winds, (to to 
Xawhiti-nm,” &o. “My protector, farewell Defenceless is the 
land since you were caught in the toils of the Goddess of Death. 
Remains none to avert evil,” &c.) 
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It^will he observed how mourners farewell the cleucl to Ha- 
■v^aiki, to Paerau, <fee The lattei seems to ))e a term applied 
to the spirit- world. But Hawaiki and the various Taw hit i are 
names of lands wherein the ancestors ot the Maori sojourned m 
times loiif? past away Hawaiki, sav the N/itjve legends, is a fai- 
distant land where originated the Maoii race, lienee the spirits 
of the dead are supposed to return to the jinnuil home of the 
Maori, and are so farewelled by the living Haw^aiki lies to the 
west, tow^ards the setting sun, and the depaiting place of spirits 
IS situated on the western or north-western parts of not only 
New Zealand, but also the isles ot Polynesia inhabited by the 
Maori lace 

“ A Native dies The living bid farewell to him The cry 
IS, ' Oo to Haw^aiki ’ That was the permanent home of our 
ancestors, hence this ancient erv of farewell to the dead. Al- 
though dead, and separated from the living, that is the address 
to them, to those whom death has taken Here m this ex- 
planation, given by a Native, we see the Maori idea that spirits 
of the dead fare to Hawaiki, the cradle of the race, w^here man 
originated 

When a chief dies, the high mountains or ranges of his dis- 
trict are mentioned in such funeral speeches, for such natural 
objects, or some of them, possess considerable prestige. 8u(;h 
hills m this district of Tuhoeland are Maunga^pohatu, Te Peke, 
and Manawaru “ Ko Maumja-poh^u te maunga, ko Pohokorm 
te tangaia o raro'' (“Maunga-pohatu is the mountain, Pohoko- 
ma IS the person beneath it ”) is a common style of expressing 
this idea. 

“ Whare mate ” is an expression applied to mourning re- 
latives of the dead. The near relatives of the deceased would 
not take food until after the burial, except at night, and in secret. 

A peculiar term, ** tmJeau ” Tins is given as ~ spouse, wife, 
or husband, in Williams’s “ Maori Dictionary,” but Tuhoe do 
not seem to use it in that sense. Here it is applied usually by 
elderly women to their child? en or grandcliildren, perhaps only 
m laments or addresses to the dead, as, e,g., Te makau a te 
ipo-— e,” or “ Mai ra ie makati—e'' A great many endearing 
terms are applied to children in funeral speeches, as “ my sweet- 
scented neoldet,” “my jewel,” Ac. In like manner are men 
compared with, and addressed as, “ the white hawk,” “ the 
totara sapling.” 

Some time after the funeral ceremonies are over, perhaps a 
month after or lonjger, sometimes a full year, according to 
inclination and leisure from crop-work, the relatives of the 
decease will form a party and proceed to visit other places 
and other subtribes or tribes as an uhunga^ or mourning party. 
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Their object is to kawe te mate (convey the death) to other divi- 
sions of the tribe, to the more distant relatives of the deceased 
When they arrive at a village the party will go through the 
same weeping and lamentation as already descjribed The 
speeches also are of a similar nature Should any member of 
the people visited have died recently, then He will be included 
111 the ianqihanga, oi mourning , in fact, such weeping, mourning, 
and speeches will apply to all persons of the two parties who 
have died since such parties last, met to mourn for their dead 
One occasionally hears of very singular customs connected 
with mourning for the dead I insert here descriptions of a few 
such 

After the defeat of the east coast Natives at Maketu, the 
followmg lament was composed as a wJiakaorwn fotaka (song 
sung to the spinnuig of tops). The people would collect together, 
many of them being provided with hummmg-tops of the old 
Maori pattern The people would sing the first verse and then 
all cry out the words “ Hat / Tukm / ” The last word was the 
signal to the top-spmners, who simultaneously started their 
tops spuining The moaning or waihng hum of the tops repre- 
sents the moaning sound made by mourners for the dead. When 
the tops aie run down they are restrung, and another verse 
of the lament is sung, the top-spinners waiting for the cry 
“Twfcwa/” before starting then* tops off again, I have seen 
a party of Natives going through this smgular performance ^ [ 

[ Kumoa ’ 

~Toia to roroa o U' taiigata — © 

Ina iioa to poto ki te etna i Hunuhunu — 

Hai I Tukua ’ 

( 2 .) 

Mga morehu wa te kai e patu — e 
Ko te pakn kai ra mau, R Te Arawa — © 

I I*' i j ! I Hai ! Tukua I 

’ (a.) 

R ki atu ana Karanama, o noho ki tamaiti noi--o 
Takiri ana mai te upoko o te toa-*e 
i Hai ! Tukua ! 

( 4 .) 

Koro Mokena, huri mai ki t© Kuini — e 
Kot rawerawo ana ou mea kanu kaka — e 

Hai ! Tukua ! ' 

( 5 .) 

Na Tamehana ano tona whenua i utu 
Ki te maratnara taro — e 
Walho te raru ki to wahine*-© 

^ Hai I Tukua I 
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The following is equally as extraordinary as the foregoing 
When several men of the Ngati-Tawhaki clan of Tuhoe were 
killed in the fight at Mana-te-pa, at Rua-tahuna, about 1840, 
one Tu-kai-rangi evolved the following scheme as a lament for 
the dead, and to banish the sadness and gloomy feelings of 
the survivors This proceeding would be said to avenge, or 
equalise, the deaths of the fiiends of the perfonnerb. Tu-kai- 
rangi erected two moan, or swmgs (giant’s strides), one near 
Mana-te-pa and one at Kin-tahi The following song was 
('-omposed and sung while the swings were used Grasping the 
ropes of the swing, the performers sang a verse of the song 
given below and then swung off round the pole, one aft-er the 
other. When they stopped another verse was sung, and agam 
the people whirled round the pole, and so on 

Tu-kai-rangi, haiigaa he iiioari 
Kia rere an i te taara whakawaho 
Kai te pehi Hiri-whakamau 
Na wai takahia. 

( 2 .) 

Take arolia ki a Te Haraki — e 
Nga whaiaipo a Te Hin whakamau 
Na waitakama 

(3) 

He taara ti— o 

He taiira harakeke 

Nga taura o Te Hiri-whakamau 

Na wai- takahia. 

Another token of mourning in former times was the outtmg 
of the haiT. One way was to cut off all the hair very short with 
the exception of one patch, of perhaps 2 in. diameter, on the 
left side of the head This was left the original length, of 
perhaps 2 ft. or less, and was allowed to hang down. It was 
called a “ redrew.” I have seen a woman with her hair so cut 
when mourning for her dead child This latter case, however, 
would probably not have occurred m former times, as Native 
women appear to have worn their hair short. Men, however, 
wore their hair long. A widow or widower would have all the 
hair out off short. The hair cut off is buried with the corpse. 

When a Maori dies, almost always a lament (tangi) is com- 
posed by relatives and sung during the period of mourning, usually 
when speeches aie being made. Sometimes several are so com- 
posed for a single individual, if a person of consequence. Many 
old-time laments have been preserved for centuries, and are 
often extremely interesting, on account of containing allusions 
to the ancient history of the race. In fact, the laments and 
lullabies seem to be the moat interesting of Native songs, and 
for a similar reason. Native laments of modem composition 
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are, as a rule, verv inferior, or, if they are not bo, owe it to the 
fact that they are composed by wholesale onbbery' from ancient 
songs 

The higher forms of dirges for the dead are termed “ apakura.'' 
They muv be called laments of a sacerdotal character, and often 
contain ancient (jryptic phraseology of an old-time cult The 
ordman* lament (inngi) for the dead is of quite different com- 
p(»8ition — in fact, the}^ resemble ordinary songs, and are offen so 
used. 

The term “ taulurt ” seems to apply to a lament wherein 
tlie composer bewails his own evil fortune, or that of liis tribe 
The la^igt tikapa and iartjgi whakakurepc are modes of mourning, 
lamenting the dead, while going through various motions, such 
as swaying the bent body from side to side, quivering the hands 
with arms extended Bomotimes a weapon {patu or mere) is 
held in the right hand while going througli the above genu- 
flexions. 

I will imw give two specimens of laments forjthe doadfas 
illustration The first was composed about eighteen genera- 
tions ago, IS a good specimen of ancient Maori composition, and 
contains many allusion? to, and fragments of, old-time myths 
and history My readers will regret to hear that it is incomplete, 
which accounts for its shortness. The second lament given is 
a modern one, composed about 1901 for a Native^woman who 
died at Qalatea. 

He Tanoi mo Hamoi-uia, na Tb Matoeohanua (A Lambnt for 

’ Hanoiuia, oovirosRD BY Tb Matokohanoa.) 

£ inoe ana aliAii i takn moe roka 
Whakaniatatutia 

Ka maranga koi ruiiga i t© po roa~ o 
Hine<mattkotai 

1 kiikumo tonu nei kia ngata to kanohi 

Tona ra i a Tutapa>kahurangi 

Puritia mai ra i to apai o te wharo 

Ka titiro iho ko«, ka moo to kanohi 

Ka tangi mat tona ihu, ka ngoiigoro tora 

Ka waino hai atua, ka tangi mai ki mun 

Matiria atu ra o te au wh(%a|>eke a Tama-tukurangi 

Ka paoa ki waho ra ki to Kopam — e, 

Ki To Kahu*o-te-rangi 
Ko To Ata-kaihia, ko Te Ata-hapara 
Te ata ka pakarw, ka roro mai i te ra 
Whiti ana i rotu ra hai ohomann hine 
Ka tu mai te takahi ki a Tama-uru-rangi 
Tomo atn, e hika ! te tai o nui no ran^p 
t au e whiwhi — e, i au e nangara 
Kauaka te rangi tapu taupurua iho 
Ko te rangi tihore, ko te rang! wanihia 
1^ marama ko© ki te kete a Tane 
I maurla mai nei hai tohu mo tona matua 
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Tataitia ra, tiwhaia i runga ra 

Ki a Autahi, ki a Puanga raia 

Ki a Takurua ra Hingihia i te kete 

Ko te Ika o te raugi ka ngako i runga noi 

Ma Pua-hahana ra, ma Itauru. tna Wera 

Tupatia iho ki te tihi o Tane 

Ka mate i reira i a Tahu-kuma, i a Tahu-maero 

Ko Tahu-aitu — e 

Ko koe ra tera, e hika ! — e — i 

Whiti Tuarua {Senon^ Verse) 

\my ’ E hika ♦ Ki ou takanga nei 
Ki nga marao ra 

E kata haere aua ki to whatitoka nei 
Hai atua kai ake ino roto i aliau 
\ue I — 1 

Ka tonio mai na koe te po tuauki 
E ara ki runga ra, korero ki au 
Kei noho puku koe te whare tahu 
Ka niaaha noa atii e roto i aliau 
Akuanei, e bika ! Te wetewete ai 
Kia puta ra koe i te rangi tuatahi 
He 111! au no Tane 

T hangahanga noa ra i a Hine*ahu-one 
Ka tu to ringa, ka tu te waewae 
Ka tu te mahunga, 

Ka toro uiai tona ure ki ninga ki te tipuaki 

Koia to tota — e— i 

Ka tapotu ki roto te kanoiii 

Ko kaiu lena 

Ki to pongaihu, ko te kea tena 

Ki te waha ra, ko te mare tena 

Ki t-o keke ra, ko te nko u era wera 

Ka liangai ki te tara 

Me ko Hine-maniihtri, nana to kahurangi 
Ko Iluie-kapua-rangi, nana te kohatu 
Ko Hine-a-taiura, ko Uru-rata — na^ — 

K o ngangara tana ka waiho ki to rangi 
Ko te Ao-tu—e, ko te Ao-horo ra 
Te Ao-taru-aitu, to Ao-mata«kaka 
Mo-uriun — e, Mo-rokaroka ra 
Mo-hiku-tu e, Mo-hiku-tohe ra 
Mo-hiku-tauira, 

Ko Whiro-te-tipua-manatu 
Ko Tawakewake, ko Tawhangawhanga 
Me ko Tama-ki-te 4 iau, ko lama-ki-te-kapua 
Te haerenga awatoa ko Toi-te-huatahi 
Ko ou tangata i te kai rakau 
1 te ponga, i te ti — e — i 
Ko Rauru tena ka tukua e koe 
Ki Awa-tiko-kino 

Kia mau, e luka ! Ki a Whatonga — e 
Ki a Kuarangi — e 

Ki a Poii-tiri-ao, ko To Manu-tohi-kura 
Ko Tano-hua-rangi, ka noho ko Rongomai«taha«titii 
Ko Tama, ko Palkoa 
He tahuna akonga no te whenua 
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Ka whitia ki a Kahutia — e 
Poka mai« e hika ! Ki a Potihefni — e 
Ki a Tara-whakatii 
Ko Tara-a-pimga, ko Tara-pa«a-ra 
Ko Iiakai<to>tin]* rnatiia papaki — 

Ko Te Hangi-tautahi, me ko Tamakimaki 
Ka waiho rao t-e numga t-o pito i a koo 
Ki te po— na — i 

Whiti Tuatoru {Thtrd 
Ko wai ra, e hika ! 

I'o mata i haere ai kcK* ki te IV> ^ 

Ko Turanga wahme, ko Turanga-tane 
Te mata tena o to tupuiia 
<) Te Ao-anki i te Mano-tukiituku 
Ka hinga tona pula ko Wai-o-tira — e 
1 oma atu ra ki a Papa rata 
1 hurihia atu ra o Tarve ki raro 
Ka piita atu ki waho ko Kuauinoko — e 
''I’artnva i tona puta ko te Kaukape ra 
Ko Tama<i eo-rangi ka kume i a tini 
K waitoKu ak« ana ki te ao inarama 
Ka ngarue U' wheiiua, ka ngaoko to moana 
Ko te tumu <» te rangi, ko te take o te rangi 
Ko Maru-i-tauira. ko Maru<i>torohanga 
Ko Maru-i-t/tiura, ko Marii-i-tawai 
Ko Maru’i'takotake, ko Marn*whakatupua 
Ka ca ki runga la, ko te Tumoremore 
Ko te Tuhalia 

Ko Hua-kapanga--^, te Mann^nut ra 
Ko Hua*te-liohonu, ko U*wawe*ki'Ota 
Ko Mauawa-pou — e 
Ko K oil runga ra, ko Tu-iiiaiiri nv© 

Me ko Kongo whakaata, ko Hongoinai«bikau 
Ko Kua-whetuki--e 
Ko ITitaiun-rira, ko Turourou ra 
Ko te Ika-whakatu ki roto o Turanga 
K he inai na koe ki to hou matua 
I tipii ai ki to ao, i wehi mai na ko© 

Kail ra. o hika ’ Hoki mai i kona 
Pokaitia ra ki a Mootai — e 
Kia rongo kati au ki a Kahukura-iti 
Ki tenei tini ra, o taka i waho ra — e 
Ko koutoii tona, © tama ma © ! 

Whiti Tuawha {Fourth IVr^r), 
Mo© inorx, e hika ! 

r roto I te whar© kino, i te wliar© pouri 
He uea ake ra ka h© to manawa 
Ka titiro ki waho ra 
Ki t© waka hoehoe ki Wai-roro ra— e 
Ka puta t© parakipa kai to ihu 
Mau i mo© po, no niuri i mat© ai 
1 tukua mai nei ko to tonga hawai 
Ko to tonga teiipuru 
Ka pupuru to atua ki roto ki a ko© 

Ka whaia atu na koe 
I a to Ao<matangi, i a Katakata — © 
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I a Wheruru — e, i a Ki'wa raia 
Nana noi to moana, nana noi ngani nni 
Nana noi ngaru roa 
Ka wawae i peka kia maranga la 
Kia tiko wharo ra 

Ki a Hoaufnmu — o, ki a Kekorepo 

Ka taka tnai ki muri 

Hai autvi tanp, hai autu pawa ra 

Ka inamao ki to rangi, takii rangi pea 

Ka tau ki raro ra ki Wamnin ra 

Hai to tnatiia i\ hai a T© Hau-on — o 

Hai a Ngapata la 

Ma to Hiakai koe, ina Hino>to.ariki 

Ko t*ikihoro pea, ko Hino-uru aiK 

Ko Taraa-uia — e 

Koutou ra tena, © koro raa ’ — o — i 

7* Below will be found a modem lament for the*^dead, altiiougl^ 
m now is usual, it ip modelled upon ancient forme — or, rather, 
it was composed bv whole8«ile “enbbnig” from old-time songs. 
The Maori poet of to-dav seems to depend to a very great extent 
upon plagiarism, and seems to have lost the art of composing 
such fine pieces as the above Observe, m the above, the pathos 
of the opemng lines of the second verse, where the composer 
mourns the loss of his daughter “ Alas, 0 maid, for your 
playings in the village— running laughing to the door ’BThese 
memories remain to con. ume me.” 

A Lament for Park, of Noati-Manawa. 

He ao inauni © rere pckai ra 
He mihi ra naku ki tokii nei tamn 
Kna wolie i nga iwi 
Kna weho i taku tmana 
Kua weho i nga tan 
Kna wohe i n^n. nohoanga 
Ka tahun inai, E Pare ! 

Kei te mihi «tu koe, 

Ka tu ai te arolia 

Taraia i te iangi ki a Mann 

Ka noho taua nga paeroa kai Kangitahi 

Kia whakarongo koo nga tai o Whinnaki 

E ngiuiguru nei 

Ehara koe i te wahme, 

He knru t<ongarerewa 
He un ko© no Hangitihi, 

H© uri koe no Tangi-harui u, 

H© im koe no Apa, 

He im ko© no Tnhoe-potiki 
Tenet, © hoa I Te mamao 
Kai te tau o take ate 
Ki a taua kura 
Kua rnahuo i a koe — x ** 

The Whare Potae (The Hottse of Mourning). 

The names “ whare polar ” and “ whare tarn ” both mean 
“house of mourning,” or “ mourning- house ” (whare, house; 
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tarn, numrmng). Tho word potae'' means, as a noun, a hat, or 
any covering for the head , as a verb, “ to piit over or on the head.” 

The term “ wfiare potxie,^* which is the form used by the Tuhoe 
Tribe, is derived from the potae iaua, or mourning-cap (perhaps 
more correctly a fillet or chaplet, inasmuch ivi it possessed no 
crown). Tins was an article of mounung attire, a token of 
mourning for the dead It was worn m former times by a 
near relative of the deoeased, as a widow, during the penod of 
mourning It is composed of a band or fillet woven from 
some fibre usually, «ind which u put round the head and tied at 
the back It has no oiown whatevei Aitached to this band 
would be a quantitv of black, dried seaweed, or the epidermis of 
ii water plant or rush known us “ hutakuta"'' jjre'iiared as for a 
nmro kuta,"^ and dyed black and brown, or left its natural colour 
of white and pale- yellow ITiese were attached by one end to 
the band and hung down, thus concealing the face and head of 
the wearer Sometimes the tail-feathers (with skin attached) of 
the native pigeon, and those of the koko bird, were used to 
attach to the band Tliey swayed about when the wearer 
walked, or when affected by the wind Chaplets of leaves of 
the parapara cree (svn., puahou and houJum — Panax arhoreum) 
were also sometimes worn by relatives of the dead while in the 
whare potae — that is to say, during the period of mourning. 
The potae tarn, with a crown, and no pendant strips, fibre, 
weed, or feathers, as figured on page 329 of Hamilton’s “ Maori 
Art,” IB an unknown article to the Tuhoe peoples. 

The expression ” house of mourning ” must not be taken 
too literally, like unto many other exproasions of the Maori, 
Albeit a Native will ever say, speaking of rt^latives of a person 
recently dead, ** They are within the whare potae,^' vet he means 
that they are mourning for tho dead, Although such mourners 
may be travelling, they are still spoken of as being within the 
whare potae The term must be taken as implying the state 
or penod of mourning. 

Widows mourned their husbands for perhaps a year before 
marrying again. (Ka toe pm ki te tau e whare (aua ana te 
pomru,) 

Bereaved persons, as a husband who has lost his wife, some- 
times travel about for some time in order to forget their troubles 
Thus a man may go and dwell among distant tribes for a year, 
or several years. 

While mourners are within the whare potae^i.e,, during the 
period of mourmng, which may continue perhaps for a week 
or longer--^these dwellers within the house of mourning are very 


♦ Trans. N.Z. Iniit» vol xxxi, p. 647. 
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careful HI legard to taking food As a rule tliev do not partake 
of food in the daytime, hut only at night, and even then the\ 
eat in secret by going into some secJuded hut by themselveB, 
or at least where they cannot be seen bv the ]mople. Always 
they take their food under shelter, never in the opt*n If when 
travelling while an inmate of the house of mourning a person 
be overcome bv hunger, and so compelled to eat in the daytime, 
he will go a space aside, break a bianch off a tree, and stick 
the butt thereof m the ground He will then sit under the 
branch while eating his food, thus likening the shade cast by 


the branch to the shades of niglit 

“ Tenvi karanga, te whare ])ot(u\ ehara i ie tino whare, he kupu 
whakante Ko tangaia kat roto ? le whare j/otae, kaore e km 
ao, engan kia fo ratva, hUaht ratau ka kaf. He km cu), ara he 
ka\ awatedy hat heuenga tno ie whare polae Ka haere te tangaia 
ki te waty honn atii ai ttearoha, na, kua kw uo.” (‘^This name, 
‘ whare potae' it is not a real house, it is a figurative expression. 
Persons in the whare potae do not eat in the daytime, but only 
when quite dark ; then they eat Bating in the daytime — ^that 
IS, in daylight — means the dispersing of the mourners A person 
will go to tbe waterside and, by means of a certain rite, wash 
away his grief Then he will eat in the daytime ”) 

It was not until the iajM liad been taken off these mourners 
by means of a rite performed by the priest that they became 
noa, or free from tapUy and could take food in the daytime, or 
mix freely with the people Cases are quoted where persona 
have so mourned for months While persons are mourning 
they do not remain in a house, but move about, although not 
free from restraint, as the tapu is upon them. 

There is a place in the Okahu Valley, at Te Whaiti, named 
Nga Waliine-kai-awatea (the daylight-eating women), which 
name originated in this manner * When To Wharau, of the 
Ngati- Whare Tribe, died, las widow (and other female relatives 

To Wharan-Kot«.kura(/) appaTently) was cleansed from 

the tapu of the whare potae at 
that place by laving her body 
with the waters of the stream 
and having the whakanoa rite 
performed over her. Then she 
(and her companions) first ate 
food in the daytime since the 
death of Te Wharau. Hence 
the above name. Observe how 
place-names change in Maoriland. 
When the road was being con- 
structed to Rua4ahuna in 1896, 
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Uu‘ r()( k rlifTs at Nga Wnlinu^-kai-awatea proved a 

difficult place foi tlic roadioen to work at — so much so, indord, 
tliat 11 was found necessarv to use hfcdines (ropes secured at 
the to}> of the cliff and allowed to trail down the rock -face) 
for the He(*urit\ of the workmen At once the Natives renamed 
the place Taura-tukutuku (the trailing ropes), and the original 
name seems to have been discarded 

A humqaunia, or human sacrilu e, was sometimes made in 
olden times in ord(*r to take the tapn off the wharc pofae (i c., off 
the mourning) and its inmates the mourners The act of so 
sacrifioing a person would not break up the fapti, but such a 
sacrifice was always wnth the idea of imparting force, prestige, 
effect! veness to a religious function. 

When Tau])(>ki died at Te Whaiti a slave named Tapuku 
was slain as a loai^qnuwu for the mourners The body was cut 
up, a portion thereof sent to the Whinnaki people as a present, 
and the rest was (’ooked at. Wankotikoti, just where the police- 
man’s cottage now stands 

“ Ka mate ie tupa/mhu, hi pafua t angola hat koampiamu 
me> (a^a tupapakn, ka kauiga e nga tohanaunga o te (ufHifxiku, 
Ko tarn patufufa tapu hai heuenga mo te whare potae Kaore e 
tanep te iangata tame noho ana % rota i ie whare taua Kin 
koangaumutia ie tupapaku; katahi la ka puta ki wako, ka iangi 
Ko te koangaumu hai whakmioa.'*'^ (*‘ When a person dies, a man 
is slain as a koangaxmn for the deceased, and is eaten by the 
relatives of the dead That sacrifice is for the purpose of dis- 
persing the mourners A person does not wail for the dead 
while he is staving within the house of mourning When the 
sacrifice has been made, then he will come forth and lament 
The sacrifice lifts the tapxi.^*) Here is an allusion to the fact 
that practically no crying or wailing for the dead is indulged 
in by mourners while in seclusion, but only when they are silr* 
rounded by others, and have an audience The Maori believes 
in public grief, he cares not to weep in private 

The person slain as a human sacrifice for the lifting of the 
tapu from the whare potae would be taken from another hapu 
or subtribe. After this rite was over the mourners emerged 
from the house of mourning and returned to their usual avoca- 
tions. Although usually merely a metaphorical or figurative 
expression, yet it would appear that sometimes a mourner 
nearly relat^ to the dead would remain within the “house of 
mourning” (by staying in his ovm hub) during the pnod of 
mourning. In the legend of Pooi-rangahua it is stated that 
Itanioro bis wife so mourned for Pou when he was thought 
to Be dead, and on his return he found her still secluded within 
their house, which had become overgrown with mawhai. 
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8 <>inotinie 8 4 broiher or sister of the dead would so seclude 
himself or herself for a time Then it w^mld be said, “ Such a 
person is in the wharf poUu * This action,” said a cvjuchI 
old Native I0 me, “ was kai whnhmanaha ? Iona inqoa ” (to li^et 
himself talked about) H' ^aid also that pc'ople often did 
things for the brief fame that it bi ought them 

The ritual act of lifting the tapu Irom moinners us similai 
to that performed over aiiv })erHon wdio is Uipu from any 
other cause 'n*e person or jiersons accompany th(* jiriest to a 
stream, pond, 01 spring sot aside lor siudi sairod rites, where 
they divest themselves of their clolhmg, and, clad in nought 
save a scanty gndlo of green-leaved twugs. lh(‘y aie sprinkled 
wnth water bv the officiating piiest, wlio then rejioats over them 
a karakia whakanoa, or invo(,atiou to tree from tapu One autho- 
rity states that tlie mourners had then liair cut a 1 this function, 
whicdi is probable, as hairciitting was otten performed as a 
sacerdotal rite 

The apaknra, or dirge, sung by mourners is usually an an- 
cient composition It deriv’es its name from a famous ancestor, 
one Apakura, a woman, who dwelt in the isles of Polynesia m 
about the ninth century of tlu^ present era * She is looked upon 
by the Maoris of New Zealand as a kind of ** parent.” orteaidier, 
of th.. art of mourning for the dead 

Pakipaki Mahunoa 

Tlie custom of the preserving of heads (pahpaki tmhunga) 
of the dead bv their living relatives has been alluded to. This 
was done out of a feeling of affection for the dead. The head 
was severed from the body, the latter being buried, while the 
former was dried and kept bv relatives for some time before 
being deposited with chc bones of the body in the cave or tree 
used for the purpose. 

Pio, of Awa, speaks— hf‘ who has been caught 111 the snare 
of Hme-nm-te-Po, and has lifted the dread curtain which con- 
ceals the realm of Miru . “ The great token of affection m old 
times was to cut off the head of a dead relative and preserve it, 
which was done by the priest The head was shaken m order to 
cause the brains to drop out , the liody was buried in the ground. 
The priest would carry the head about with him, sometimes 
exposing it to the view of living relatives, that they might greet 
and wail over it. This might continue for months, or even years. 
When unable to carry it about any longer, on account of other 
matters, the head would be taken to the bturial-cave and left 
there. It was Christianity that put a stop to this custom, ^ile 


Journal of the Polynesian booiety,” vol viii, p. 15 . 
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the head was kej)t, it was sometimes placed on a wooden pi'^ 
(turtdmxi) stuck in the ground, and people would mourn over it 
Near relatives would spread on the ground before it a kalcahu 
xvacro (cloak covere<l with dogs' tails), upfiii which thev would 
laieel before the head and chauni an ohbtnne dirge of the Maori 
people ” 

These dried heads were also exhibited at anv important 
function <ir meeting of the people Thev were stuck on stakes 
on the plaza, where nieetinga took place Rome had the lips 
stitched together, whu h, if neatlv done, would elicit the remark, 
''Me te kuhi la kopt '' (“Like the neat closing of a mussel- 
shell ”)* 8r>me were left with the lips not fastened, hence 
the lips contracted during the drying or curing process, and 
the teeth bis ame jiromment If the teeth were white and 
sightly It w'as remarked, .VjTe te mho kohoUi^^ (“Like kolcofa 
teeth “ hoh)Ui " is the name of a shellfish 

Heads of enemies were also preserved m a similar manner, 
but for a different purpose Thev would so preserve the head of 
an enemy of the ehioftain class that thev might revile it, and 
subject it to all indignities the fertile brain of the Maori might 
conceive, Such heads would be placed m cooking-sheds and near 
ovens, a fearful thing to the Maori They would be exposed 
to view on the jilaza of the village, and reviled by paasers-bv. 
Women would place them near where they worked at weaving, 
&c., and occasionally turn to and curse them with great gusto, 
heaping opprobrious epithets upon them, jeering and taunting 
them, as though m the flesh This would be when such women 
had lost husbands or other relatives at the hands the dead 
or of hifl tribe. 

The method of embalming or preserving human heads 
was a singular one A steam -oven, similar to the ovens for 
cooking food,* was made in the ground. Tins was covered over 
save a small orifice left on the top and through whiiih the hot 
steam escaped. f)ver this the head was placed, the base thereof 
being over the hole in the top of the oven (umu). The hot 
steam caused the brains to melt, when they were easily got nd 
of. The eyes were taken out, and the eyelids fastened down. 
The skin was stripped off down to the shoulders to allow for 
contraction ; it was then brought under the neck and there 
tied. The Maori was very particular in preserving the heads 
of his relatives to render them sightly when exposed to people 
for crying over. He liked to see the lips closed so that the teeth 
were not exposed. He was not so particular with the heads of 
his enemies. 


• Bee Tram N.Z. Inst., vol. xxxv, p 88 



1B4 


Transactions, 


The expression “ pahpakt mahunga ” means “ to preserve 
heads by drying.” They were dried after the steaming process 
by means of placing them in the smoke of a wood -fire The hair 
was retained, and was dressed and decorated with plumes when 
brought out to be wept over 

A description of this head-drying, with many notes, may 
be found at page 610 of the Transactions of the New Zealand 
Institute,” vol xxvii, though the statement there made that 
in preserving the head of an enemy “ no dishonour whatever 
was intended to the owner of the head” must be taken cum 
grano salu, for that is exactly wliat was intended. The quota- 
tion given from Marsden — “ It is gratifying to the vanquished 
to know that the heads of their (diiefs are preserved bv the 
enemy ” — is also very extraordinary, and absolutely incorrect. 
In the same article (p. 611) is seen the statement that “those 
[heads] of the enemy were usually placed on the tops of the 
houses, or on poles by the wayside, where they were exposed 
to the contemptuous taunts of the passers-by ” This is certainly 
more correct, though how it could be “gratifying to the van- 
quished ” IS a somewhat obscure point 

The last case of head -preserving known to myself as having 
occurred in this district was m 1865, when Ngati-Manawa and 
some of Te Arawa were defeated at Te Tapiri, driven out of their 
fort at that place and forced to fly, leaving their dead behmS 
them. The heads of two of these, Eru and Enoka, of Ngati- 
Manawa, were cut off and preserved, Kereopa swallowing the 
eves These heads were takiui by Te Wliakatohea to their 
home on the coast. 

When, on a war-expedition in an enemy's country, the in- 
vaders lost some killed, the bodies were usually cremated., so 
that they should not be eaten by enemies. Sometimes the head 
would be cut off, preserved, and carried back home When 
Ngapuhi returned from their famous raid to the Wellington 
District they brought back many heads of those who had 
fallen. 

When Makawe, of Te Whakatohea, was slain at Te Papuni 
(see ante) his head was thus preserved by his people and carried 
with them on their raid to the Wairoa, where they fought at 
Tara-mahiti, after which they returned home to 0-potiki, still 
bearmg the head of their chief. 

When Te Ika-poto’s daughter died at Heipipi her body was 
buried there, but her head was preserved and taken to Maunga^ 
pohatu, her permanent home. 

The preserv^ heads of many former chiefs of the Tuhoe 
Tribe are lymg in a cave at Te Tahora, among them being those 
of Te Arohana and of Te Mai-taranui. 
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Mortuary Memorials. 

Memorial structures were not an important feature m Maon- 
land. Burial-mounds were never constructed, nor were graves 
marked by stones or posts Two reasons may be given for this 
omission. In the first place, no burial in the earth was m any 
way permanent, save in such cases as when a body was buried 
in a swamp— trampled down into the mud and so left — or in a 
sandhill Bodies buried in the ground were merely left there 
for a few years, when the bones were exhumed and placed in a 
tribal buna) cave or tree. This custom has certainly obtained 
among the Maori people for centuries — i e , for so long as inter- 
tribal warfare has been general It is possible that there was a 
period when the dead of the New Zealand Natives were buried 
in the ground and never exhumed, judging from certain dis- 
coveries made of skeletons m various parts However, this 
may never have been a general custom If it was so, then suih 
dead were probably those of the original people of these isles, 
who seem to have been much less warlike than the later comers 
of the fourteenth century. The second reason to account for 
the absence of mortuary structures is this On account of the 
savagely vindictive nature of Maori warfare, their eating the 
bodies of their enemies, and the delight thev took in treating 
such bodies with every foul indignity, as also the custom of utilis- 
ing the skull and other bones of such bodies wherefrom to manu- 
facture various implements, it was necessary for every tribe 
to bury their dead in secrecy, and to take every precaution 
that enemies should not discover the resting-place of the bodies 
or bones of their dead. Hence nothing was done to mark a 
grave where a person had been buried Perhaps the only marked 
resting-places of the dead to be seen about a settlement in former 
times were those constructed within the pa, or fortified vil- 
lage. 

In regard to cannibalism, and the fierce lust for revenge 
which so often animated the Native mind, a dreadful illustration 
is that of the kat pirau — namely, the ghoulish custom wbicli 
formerly obtained of exhuming the body of a buried enemy, 
cooking and devouring the same, even though decomposition 
had set m. 

Little wonder that the Maori erected no gravestones. But 
they often so marked the spot where a man died, or fell in battle, 
as also a place where a sick man had lain. There were two 
methods of marking the place where a person had died or been 
slain. One was to set up a Wooden post or place a stone on the 
8|wt ; the other was to dig a hole (termed ** pokapohx ’*) Such 
a post would probably be smeared with red ochre, red being 
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a favoured and also practicallv a sacred (colour among the 
Natives The poJcapoka method was often employed whereby 
to mark places where men had fallen on a battlefield Relatives 
of the dead person would make the pit or hole Te Pokapoka 
o Taua-ahi-kawai is a place-name at Tara-pounamu. It is 
where the pokapoka for one Taua-ahi-kawai, of Ngati-Pukeko, 
was dug But» observe, Te Pokapoka a Te Umu-tiri-rau, near 
Karioi, is a veiy different thing, for it is simply a hole dug as a 
landmark by Te Umu — hence the active “ a It is well to be 
cautious when dealing^with the Maori tongue 

The pohapok4x for the dead arc respected by all members 
of the tribe. Some tribes term these pits whakaumu.^^ The 
battle-ground of Puke-kai-kaahu, at Rere-whakaitu, had nume- 
rous pits on it to mark places where the dead fell during that 
Homeric combat 

A saying of old, “ E korc e pai km tuwhera te pokapoka h 
tahaki, engan ^ne iuwhera tonu kt te papa o te huarahtj** was 
often heard formerly when the war-trumpets boomed forth their 
doleful sound. It would be made by warriors in the course of 
their speeches before going to battle. Its meamng is, “ It is 
not well that the pokapoka should be made in a non-conspicu- 
ous place, but let it be dug on a path by which the speaker 
implies that if he fall in the fray he wishes the sign to be made 
m a conspicuous plaice. The pit for a plebeian would be dug 
anywhere. These holes were about 1 ft deep bv 2 ft. in dia- 
meter 

I will now illustrate another emstom of old. When a Maori 
18 taken ill away from his permanent home and ancestral lands, 
should It be thought that his end is near he will be borne on a 
litter {amo) back to his home, m order that he may die among 
his own people and on his own land In the rugged wilds of 
Tuhoeland I have known most arduous journeys df this nature 
made by Natives bearing upon their shoulders a litter or 
stretcher on which lay a dying person. Over rough oountary, 
up and down steep rough ranges, by narrow forest-tracks, and 
following up or down the beds of swift rivers, the bearers plod 
on for days, until their destination be reached. Te Pudbu, erf 
Tuboe, lay sick unto death at Te Umu-roa. Then the thouglrf; 
came that he should be carried to Matatua, there to take leave 
of his people and hft the trail of death. ^ the bearers of the 
old chief bore their burden down the terrace lands above tJhe 
rushing waters of Wai-hui, until they came to the steep disacant 
to the Ruatahuna Oeek. Here they rested awhile, setting 
down their burden by the wayside. In like manner when 
had ascended the opposite side of the gully they again set down 
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the litter by the wayside, near Te Whakatakaiiga-o-Te-Piki, 
and again rested At both these resting-places where a person 
with the tapu of death upon him had lain a carved post or small 
pillar was set up to mark the spot, which remains tapu. Not 
only did thtw. posts mark fajm spots, but they also served the 
purpose of a fmpa, and as a warning to passers-by not to tres- 
pass on the place The post at the. second resting-place was 
destroyed (burned) by the Native Ooiitingent during Whit- 
more's raid on Tuhoeland, but the first one still stands, as I 
myself have seen It is known as “ Te Pou o Te Puehu ” (the 
pillar of Te Puehu). These carved posts were usually sheltered 
by having a roof built over them, which would occasionally 
bo renewiMi The posts would also be smeared with red ochre^ 
This Pou o T(‘ Puehu was, for years aft^r its erection, adorned 
by the Natives, who hung thereon any bright-coloured articles 
obtained from the coast tribes by barter, such as handkerchiefs, 
pieces of figured prints, &c In like manner any tree where 
the severed umbilical cords of infants were deposited in former 
times was siinilarlv adorned This sort of thing would, pre- 
sumably, b(‘ described as a fetish by travellers, and possibly 
as an evideiu’c of tree-worship 

In regard to the tuapa : This name is applied to a post or slab 
oi wood which had been hewn out of a log with an adze and was 
erect<3d at the place where a person of rank had died, or in some 
oases where or near where he was buried In some cases it 
seems to have been set up at or near the village where the person 
died It would be erected after the burial Tliis slab seems 
to have in some way represented the watrm (spirit) of the de- 
ceased. The object was to lay the ghost of the dead person, 
t() prevent his spirit from returning to afflict the living. Such 
a spirit of the dead is termed a “ or ** kikojeiko,^^ or 

** whakakiehae ” Among the Tuboe Tribe the first and last of 
these terms is applied to a ghost (spirit of the dead) as a ghost, 
but kikohiko is applied to those spirits of the dead that afflict 
the living, and are said to often cause death. 

Certain rites were performed by a priest over these tuapa 
m order to prevent the spirits’ return to afflict people, or crops, 
or other food products. The priest recites an mcantation 
with this object. He then repeats the karakia (spell, charm, 
invocation, incantation) termed “aAi” at the same time rub- 
bing a stick upon the ground as if generating fire, but he really 
kindles no fire. Thus are the evil designs of the umrua^ or 
spirit, abolished or rendered innocuous. To give force, power, 

f I The general meaning of this word is, “ something that obstructs, 
wards off, prevents c<Mita<it with.” It is also used as a verb. 
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to his mcantation the priest then, by means of other old-tune 
ritual, raises the tribal or wind, that of the Tama-kai-moana 
clan being iutakangahau, and that of Te Ure-wera clan uru- 
karaerae. In some cases he will cause thunder to roll by reciting 
the oho rangi invocation. Having thus shown his power over 
the elements, he and the local ruahine, or wise woman, take the 
fapu off himself, and the function is over 

In some cases a stone might be placed to mark a grave — t.e., 
an unworked stone, a boulder. It would be placed above the 
head of the body. These would probably be cases where the 
bodies were buried within or near a village, or in some remote 
spot where it was not likely to be found by enemies. For the 
Maori of yore was essentially a necrophagous animal, a ghoul 
of the first water. 

Burial. 

The Maori terms for burial are tapuketanga ” and “ ne- 
hunguy^^ derived from the verbs tapuke and nehu == to bury. 
Exhumation he styles “ hahunga,^* from hahu * to disintw. 
(Cremation he has no distinctive term for, but simply states 
that certain persons were “ burned with fire.” 

We have already seen the mythical origin of the burial of 
the dead, when the Earth Mother said, “ Leave me the dead. 
Let them return within me. I brought them forth to the light 
of day, let them return to me [when dead]. Mine shall be the 
care of the dead ” Hence man is buried in the ground ; be 
returns to the bosom of the ancient Earth Mother. 

A single word : Ever bear in mind that the elaborate cere- 
monies and sacred rites described in this paper applied to per- 
sons of good birth only, not to people of low social status or to 
slaves. But little ceremony was wasted on common people^ 
and as for slaves, their bodies would be thrown anywhere out 
of the way. 

The general scheme of burial among the Maori people was-— 
first the burial, or other disposal of the body, until the flesh 
had disappeared , and secondly the disposal of the bones of the 
dead m a permanent manner. 

Among the Tuhoe Tribe the mode usually adopted was either 
to bury the body or place it on a covered stage or in a hollow 
tree until the flesh had disappeared, when, with great ceremony^ 
the bones were for ever disposed of by placing them in certiuu 
burial-caves or in hollow trees, or concealed among parasitio 
plants on tree- tops. In the case of swamp and sandhill bur^ 
only was the body and its bones left in its first burial-place—* 
in the first place on account of the difficulty of disinterring the 
bones, and also for the reason that they were safe from tribal 
enemies, seek they ever so closely. 
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Understand that Maoris think much of their dead, as becomes 
a people who have practised necrolatry for untold centunes. 
In hke manner they think much of the places where their dead 
he. Observe the evidence given in Native Land Courts, where 
two important points in support of a claim to land are that the 
claimant’s ancestors died or were buried on the land. Note the 
pathetic laments composed and sung by tribes who were forced 
to migrate from lands whore their dead lay. Think of the 
numberless cases where a captive has asked permission to sing 
a farewell to his tribal lands and his dead ere he be slain by his 
captors. 

It has been stated by some writers, anent the discovery in 
several places in New Zealand of skeletons buried in a sitting 

C tion, that this mode of burial was not practised by the Maori, 
36 a “ prior race ” theory is set up. But the Maori did bury 
bodies in a sitting position, though not invariably so When one 
considers the way in which the bodies of the dead were frequently 
“ trussed ” for burial, then the sitting position in burial appears 
to be quite feasible and also natural. Years ago I heard of skele- 
tons being found in such a position in the sandhills on the coast 
at Ohau, near Otaki, The Tulioe Tribe sometimes buried their 
dead in a sitting position, which they term (a puke whaka- 
noho,*^ (For other evidence conoermiig sitting-burial, see “ Trans- 
actions of the New Zealand Institute,” vol. vii, pp. 67, 68, 88 , 
vol. xxxiv, p. 126 (Morion), 129 ; vol. xvni, p. 24 . vol. i, p 20, 
of Colenso’s second essay Also, at p 20 of vol. i of these Trans- 
actions is a reference which reads thus . ” In a circular pit in 
the Waikato a number of human skeletons were found in an erect 
position, each with a block of wood on its head.”) 

The graves used by Natives are by no means deep — about 
3 ft. or 4 ft. m depth, as a rule. As the bones are to be taken up 
in a few years it is perhaps better not to bury deeply, inasmuch 
as decomposition would be delayed thereby. 

Tree Burial. 

Tree burial has always been much practised by the Tuhoe 
Tribe, certainly since the time of one Tama-tuhi-rae, alias Tama- 
a-mutu, who flourished some thirteen generations ago, and to 
whom the Tuhoe Tribe attribute the originating of the custom. 
Tama-a-mutu instituted the custom of tree burial, it is said, 
because he considered it wrong to bury the dead in the earth, 
as the earth is for producing food. Even so, when Tama drew 
near his end he told his son that he did not wish his body buried 
in the earth, but wanted it placed in a tree. Hence, after his 
death his son constructed a wooden box, in which he placed 
the body of his sire. This box or coffin was placed up in a turn 
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and there left This is said to have been the first occasion on 
which a coffin was used in this district 

Tama-a-inutu obtained the name of Tania*tiihi-rae (Tama 
the brow-marked) from the fact that he used to ornament his 
brow in ancient fashion by marking it with red ochre (ftorw). 
It was also a custom to so mark the skulls of chiefs when the 
bones were disinterred and deposited in a burial cave or tree. 
There were two ways of so marking — the Uiht korae, or tuhi matei 
hira, consisted of horizontal stripes smeared across the forehead ; 
while the tuhi k^kuru was a senes of red stripes running diagon* 
ally from the upper corner of the forehead downwards over the 
eye to the cheek. The descendants of Tama-tuhi-rae are known 
as the Ngai-Tama-tuhi-rae clan, generally abbreviated to Ngai- 
Tama Their principal living chiefs are Te Whiu Maraki (he 
who captured Kereopa, the eye-swallower, at Ohaua) and Tamai- 
koha. This clan of Tnhoe resides at Te Waimana I submit a 
genealogy from Tama-a-mutu 

Tania^a-mutu 

Wljotu-roa 

^ .. I 

Te Jvapo-o-t«-rangi 
To Umu-ki-marau 

I 

To Tajiu 

T ama-te-karonga 
Te Whaka-utauta 

I 

Kuku-wai 

To Hau-iohe 

I 

Taonga oru 
Wetaho 
Mmekuia 
Te Waka-unua 
Wati. 

In the following song we observe a reference to Tama-a-mutu 
and his institution of the custom of tree burial This com- 

r ition is termed a “ tangi tawhiti^ a singular class of chaunts 
which persons are said to have been bewitched and done to 
death at a distance. It was composed and utilised by one Piki 
near a hundred years ago - 
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K hme ! Maru nui i tapii. 

Ka taka i o tuakana 
Tu ake lioki, e hme ’ 

1 te tu wharanki 

Hai whakakakara mo hme ki t<c moenga 

Te nioenga whita. te m<H'nga te au 

Oti tonu atu koe ki raro — e— e 

Taupae atu ra i iua o Te Wharau, e hine ’ 

Ka wehe k(» te po 

Ka wehe ko te ao i a koe 

Tokona atu ra ki tawluti 

He toko-uri, he toko-tea 

He mapiina, he kai ure 

Kaj ure noa ana, e hum * 

Nga tohunga i nga atua kia mule 
Koi tonu nga mho ki te ngau 
Na Maui i hangarau, e hme ! 

Tana ika tapu 

Ko te whonua niii o noho nei tana 
1 tikma ki raro whenrturi 
Ki a Hinemui-te-Po 
Hai ngaki i te mate 
I tukua mai nei ki ana kai ert' 

Ki te wa<^roa, ki te nanm polo 
Hai kakati i te rae 
1 te mala o te humpiki, e hint* ♦ 

Ko ta paua, ka ea mate 
0 te luku rokareka noi 
O te tuna— e -i, 

Takoto mai la, e hmal 
T roto 1 te \\hare papa 
Ko te whare ra tena 

0 to tipiina. o Tama-a<imitu 

1 tuhia ai -e, ki to tuhi marei k\ira 
Koia a N^i-Tama-tiihi-rae 

1 whakuin ai *- e 
Ki rimga ki te rakau 
Koia te kauhau i to papa 
T a Maui, o hme ! 

Tera la te rua o tini raua ko niano 
I kana ki te onoone ika nui, e hme ’ 
Hurthuritia iho ra, e lioa ma e ! 

Ta tatau mahuri totara 

No te wao tapu nui o Tane 

No to awa--«, i Oatua 

No runga— e, i Ok«rakia 

No nga pinga— e, i foto i Te Kopua 

Taku totara haemata 

Te rite ai, e hine ! ki a koe—i — a 


And over smce the time of Tama-tuM-rae have the dead 
of fthe Ngai-Tama clan been placed in trees, and never in the 
earth. A tree is selected which has masses of a parasitic plant 
known as howharmohara (an AMeha) growing on its branches. 
Amonf these thick masses are concealed the remains of the 
ohildten <A Tama. 
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In the above song (lament) will be noted a reference to the 
contest between Maui and Hine-nui-te-Po The whare wfa 
mentioned is an allusion to the coffin in wliioh the body of Tama 
was placed. The expression “maAwn totom” (tota/ra sapling) is 
one of many such often applied to young people recently dead. 
It often appears m laments Iv likens the lost one to a young 
totara tree, a tree highly prized by the Maori 

In some cases the dead were placed in hollow trees, the body 
being wrapped up in a cloak. We have seen that the Ngai- 
Tama clan disposed of their dead bv placing the bodies in or on 
trees. Other clans also did the same, but the system usually 
followed was that of burying bodies in the earth, or plaiung them 
on a stage, and then, when the Jmhunga or disinterment took 
place, the bones were deposited m a (‘,avc or chasm, or rock 
shelter, or in a hollow tree, or among the parasitic plants which 
grow on the branches of forest-trees The 'puhatea tree, which 
when it attains a large size is generally hollow, is often used as 
a last resting-place for the bones of the dead in Tuhoeland. 
There are many such burial-trees at Rua-toki, one of which 
stands within 2 chains of tnv present camp at Hau-Kapua. 
While exploring the gulch one day I espied several skulls at the 
base of a pukatea tree, and thought that I might have some trouble 
with the local Natives for camping at a tapu spot, I quickly 
found out, however, that there was no need for uneasiness, as the 
Natives were quite ignorant of the place as a burial-ground, and 
denied that the remains were those of any of their people. They 
advanced the opinion that the bones were a toenga-^that is, 
the bones of bodies that had been eaten in former times. It 
IS, however, highly improbable tliat the bones of a body that had 
been eaten would have been treated with such respect. Rather 
would they have baen simply thrown out on the Jdtchen- 
midden of the settlement. On the spur immediately above the 
burial-tree stand the earthworks of two old Native forts — Hau- 
Kapua and Titoko-rangi The remains, I opine, are either those 
of plebeians, of whom but little notice was taken, or they belong 
to some other tribe. The last supposition is probable, inasmuch 
as Kua-toki is not ancestral land of the Tuhoe Tribe, but was 
gained by conquest, and Tuhoe have several times been driven 
off the land. 

In placing bones of the dead m a hollow tree they were some- 
times inserted at the base of the tree, should an opening there 
exist. If not, one was often found up the trunk of the tree, 
sometimes 40 ft. or 50 ft. from the ground. In such cases the 
bones would be carried up, thrust into the hole, and allowed 
to fall down inside the tree. Some of these trees contain 
great quantities of human remains. In one that fell and split 
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open near 0-potiki Captain Mair counted over three hundred 
ekulls. 

A rata tree at Raorao, on the Wai-riko Block, was formerly 
used as a burial-tree. The bodies were placed among masses 
of Astdia, with which the leaning trunk was covered on the 
upper side. 

The bones of the dead of the Ngai-Te*Kapo clan, of Rua-toki. 
were placed in a hollow pukatea tree (Atherosperma novcB-zea^ 
landiw) 

A kahihatea tree at Nga-whakahiwawa, in the Horomanga 
Valley, was an old-time burial-place, as also was a similar tree 
at Raro-po. 

When some of the Tuhoe Tribe were living at Anmi, near 
Te Pa-puni, their dead were not buried in the ground, but placed 
in trees. 

It IS said that the remains of Mura-kareke and Tama-pokai, 
two famous chiefs of Tuhoe, were concealed m a hollow rata 
tree at Owhakatoro. 

When Te Korowhiti died at Te Kohuru lus body was placed 
on a platform or staging constructed among the branches of a 
tawhero tree. This making of a platform in a tree-top, on 
which to place a dead body, was by no means an uncommon 
occurrence. 

Swamp Burial, 

As observed above, it was a Native custom to place bodies 
m swamps and lagoons or ponds, the body being usually thrust 
down into the mud, and the water-plants, rushes, &c , would soon 
grow up and so obliterate all signs of disturbance There are 
several such swamp burial-places at Te Whaiti — indeed, they 
exist in most parts of the Matatua district, being perhaps more 
numerous in the open country where no forest existed in which 
the dead might be concealed, Te Korokoro, Wai-pokere, and 
Te Kowhai are three of these burial-swamps at Te Whaiti In 
a good many cases dead were buried near a settlement (where 
the graves could be protected from enemies), and when the bones 
were exhumed they would be conveyed to a swamp and there 
trampled into the mud for oonce^ment. This method was 
common among the Ngati-awa and Ngati-Pukeko Tribes, who 
inhabit open country. 

A small lagoon named Te Boto-tapu (the sacred pond), at 
Kaka-tarahae, near Rua-toki, has been used as a burial-platie 
by Tuhoe for the past fourteen generations, hence it is a very 
tapu place. It is said that Toi, a famous ancestor of the Bay 
of Plenty Natives on the aboriginal side, was the first to be 
buried in a swamp, at a place called Marae-totara, at 0-hope. 

When Ngati- Kongo, under Pa-i-te-rangi, attacked Te Kea 
7— Trans. 
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(who dwelt in the Titoko-rangi Fort at Rua-toki) they made 
a slight error, ior Te Kea defeated the party and slew their 
leader, who was buried in a swamp 

Perhaps you are weary of swamp burial, but 1 want to draw 
your attention to a singular use of the word “ rumakt ” My 
informant, an old Native, said, “ Ka rimahna a Pa-i-te-ranqi 
ki roto hi te repo'" Here rumaki ~ to bury, a meaning not given 
to the word in our dictionaries. The Tiilioe people often use 
it in that sense, 

the of Coffins and Small Elevated Huts. 

We have seen that the remains of Tama-a-mutu were placed 
in a box or coffin for burial This custom was sometimes prac- 
tised in former times Bodies of the dead were put in a rough 
wooden box or coffin made of slabs of timber hewn out with 
stone axes. This would be placed on the top of a high post 
near the settlement, and when the flesh was decayed the bones 
would be taken to a burial tree or cave Perhaps the most 
common method was a small erection, like a immature house, 
built on the top of a high post These were often erected within 
the fortified settlements of the Natives in pre-European days. 
We notice them in illustrations of such villages as left us by 
early travellers and settlers These places within the village 
seem to have been used to place the bones of the dead m. 
The keeping of the decomposing bodies in their midst in 
such a manner would be somewhat too much, even for a 
Maori. 

Coffins were sometimes constructed in the form of a (*anoe, 
from perhaps 3 ft. to 6 ft. m length. These were hewn out of 
wood, and were ofttimes ornamented with carving. Lids, neatly 
fitting, were made for them. Some very interesting and ancient 
specimens may be seen m the Auckland Museum. These singular 
coffins were used as receptacles for the bones of the dead after 
disinterment. They were usually placed in burial-caves, situate 
in secluded places. These coffins would usually be daubed with 
red ochre. The discoverer of the coffins above mentioned 
states, “ The first cave contained some tons of skeletons, and 
several wooden images of different sizes engraved from head 
to toe. The largest image is about 6 ft. in length, the head 
and legs taking up no more than 2 ft. of the len^h. Each 
image has a hollow body with a lid for the back, and had 
previously been filled with bones, the lid being tied on with 
a kind of forest-creeper.” 

Williams’s “ Maori Dictionary ” gives “ poutaka, receptacle 
for a dead body, in shape like a square box, thatched over the 
top.” 
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An illustration of one of these hone-coffins is given in Hamil- 
ton’s “ Maori Art,” p, 159, where may also be seen illustrationa 
of the handsomely carved slabs of wood erected over a chief’s 
grave. Some fine carved slabs of toUnra wood, about 3 ft. in 
width, are still standing in the old fort of Mana-te-pa, at Rua- 
tahuna. They were erected over the graves of those Natives 
who were shot there about the year 1842. 

Houfte BunaL. 

It sometimes occurred that a person would be buried m hia 
own house, with the inevitable result that such house would 
become tapi/. and would no longer be occupied, but allowed to 
decay. 

When the inter-clan fight occurred at Mana-te-pa, as men- 
tioned above, several of the Ngati-Ta-whaki clan were slain, 
including Te Whatu. The latter’s body was corned to his per- 
manent home at Oputoo and there buried in his own house, 
which of course became iapu, and could no longer be used by 
the living. Shortly afterwards his name was given to a newly 
born child, who m after -years assumed the name of Paratene, 
which m later life was abandoned and the name of Paitini as- 
simied. The above pa (fort) was abandoned after the fight, 
on account of human blood having been shed there. The other 
dead were buried within the fort, as we have seen, and the place 
has ever since been tapu. 

The bones of persons buried in houses would in after-years 
be exhumed and placed in a burial cave or tree 

In late times, since fighting has ceased, bodies are buried 
III the ground, and either the grave is fenced in with a picket 
fence, or, as is generally the case among the Tuhoe Tribe, an old 
fort {pa maioro) is set aside for the purpose of a graveyard. 
Graves mode in these old forts are often not fenced, as the old 
earthen walls and ditches prevent the entrance of stock. In 
some coses the body, enclosed in a coffin of rough boards, is 
placed on the surface of the ground and an oblong mound of 
earth built over it. Over this a small wooden house is erected 
and painted m bright colours ; red and blue is a favoured com- 
bination, or white and red. At other times the coffin is buried 
beneath the surface and the little house built over the grave. 

Oolenso states in his admirable essay* that in former times 
corpses were sometimes placed in such little houses or huts in 
a sitting posture, having been tied, dressed as in life, and with 
its OTeenstone mere or cutting-club. 

Wohlers speaks of house hwA$A as having occurred among 
the South Island Natives : “ The body, having been bent 


♦ Trans. N.Z. Inst., vol. i. 
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together in a roundieh ball (the knees under the chin, as the 
Maori formerly handled their corpses), was adorned, and put 
into a box made for the purpose, and buried in the house near 
the wall.”* Also see “ Transactions of the New Zealand Insti- 
tute,” vol. xxxiv, p. 574, for a similar (-ase which occurred 
among the Arawa Tribe in 1882 

Old canoes were sometimes cut up to form coffins in former 
times When the famous chief Te Whare-poun died at Welling- 
ton, a part/ of his canoe was set up at Nga-uranga, near Welling- 
ton, as a mortuary memorial, although the body was not buried 
at that place 

Speaking of funeral ceremonies m ancient Oreece, Max 
Muller says, “ It is supposed that in anc.icnt times the Greeks 
deposited the remains of the dead m their own houses, near the 
hearth, which was the primitive altar of the family. f 

Articles buried imih Body. 

A singular custom, and a widespread one, noted the world 
over, and even seen among civilised peoples, is the depositing 
of articles m the grave. I have not been able to obtain from 
Maoris any corroboration of the opinion expressed by most 
writers on primitive eschatology — viz , that such articles were 
intended for the use of the departed in the spirit- world — ^but 
rather that such offerings are a sign of affection for the lost one. 
I have never lioard that food was placed in the grave by the 
Maori, but the dying person was fed for the death journey, as we 
have seen. 

It often occurs, even m these times, that cherished possessions 
are placed in the grave of a loved relative I give a few instances 
as illustrations ; — 

When the child Haere-huka, a descendant of Maru-wahia, 
died, the body was buried at Whiria, on the Hikurangi Block, and 
a prized greenstone ornament was placed in the grave. 

Somewhere about 1850 a party of the Ngati-Manawa Tribe, 
of the Galatea district, went to Hauraki in order to obtain muskete 
and ammunition. ViTien they left to return home, the grand- 
father of Harehare Aterea stole an axe which had been placed on 
a grave of the Ngati-Maru people. On it becoming known to 
Ngati-Maru that their visitors had desecrated their burial place 
they rais^ an armed force, which, under Taraia, marched to 
Whirinaki, on the Eangitaiki River, to teach the children of 
Manawa better manners ; and it was only by sending to Tuhoe 
and Taupo for armed assistance that Ngati-Manawa escaped a 
severe drubbing. But they had to pay for that axe. 

♦ Trans. N.Z, Inst., vol viii, p. 115, 
t "‘Anthropologioal Religion,** p. 264. 
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We Iiave noted that when a body was lying in state, relatives 
of the dead would produce their finest garments and prized 
greenstone weapons and ornaments, which were exhibited near 
the cor|)80. It was a token of respect to the deceased. When 
the burial took place most of these articles would be reclaimed 
by the owners, but some were buried with the body, or placed 
by the side thereof in the cave or tree. These also nught be 
reclaimed later on, as when a tribal meeting took place, or a 
dist nguished visitor arrived, or other occasion equally important 
m Maori eyes. 

A child who died at Waikaro-moana was buried with her 
favourite ornament, a brooch made from a crown piece, on her 
breast. Hence her little sister was given the name of Karauna, 
the Native rendering of the English word “ crown.” 

Articles buried with a body are often recovered when the 
bones are exhumed, but som^imes they are placed with the 
bones in the burial cave or tree and allowed to remain there. 
These latter — weapons, greenstone implements or ornaments, &c 
— were often the property of the deceased, and would not be 
reclaimed Na te ngakau mamae tern maAt” (“ Grief was the 
origin of such ac^ ”). 

When old Puke-tapu, of the Waikarc-moana district, died, 
his son buried with lus body a manuscript book m which were 
written the ancient history, genealogies, &c., of his tribe, and 
which was thought much of, yet it was sacrificed, and much 
interesting lore that it contained is now lost for ever Max 
Muller quotes a similar case as having ocjcurred m modern times, 
when an English poet placed the manuscripts of his own un- 
published poems in his wife’s grave. 

Suicides were buried as any person would be who died a 
natural death. Wives were not. buried in the same grave as 
their husbands, even though buried at the same time, as would 
occur when a wife committed suicide at her husband’s death, 
a frequent occurrence in former times. The custom of exhuming 
the bones would tend to single burial, in order that the bones 
might not get mixed. A chUd is sometimes buried in the same 
grave as a parent or grandparent 

Male relatives of the dead prepare the grave and bury the 
body. They are topu while so engaged, and the whahmoa rite 
is afterwards performed over them in order to remove the tapu- 

The Tuhoe Tribe do not seem to have bad any burial-grbun^ 
in former times — ie., where a number of persons would be 
buried— for reasons already stated. Matters are very different 
now that parties of armed ghouls no longer roam the land seeking 
whom they may devour. Hence, also, the custom of exhuming 
the bones of the dead is falling into desuetude. 
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Bodies of the dead were carried to the grave on a litter or 
bier formed of poles. They were borne head first, whereas in 
so carrying a living person the head m always kept up-hill. 

Among coast-dwellmg tribes, more especially where no forest 
18 near* it was a common thing for sandhills to be utilised 
as burial-grounds. Where dunes of pure sand exist, devoid of 
vegetable growth, the disturbance of such would leave no tracoa 
longer than a few hours, especially so were a wind blowing at the 
time Such a burial-place is the ancient one at 0-pihi, among 
the sandhills near the beach, and just across the river from 
Wbakatane Township. This place has been used as a burial- 
ground for centuries past. The saying ‘‘ 0-ptAi whanaufufa kore 
(O-pihi the relationless) is applied to it “ Our ancestors Tama* 
ki-Hukurangi and Rakei-ora were buried at O-pihi. That was 
the permanent burial-place of our ancestors from ancient days 
down to the present time. Afterwards Putauaki (Mount Edge- 
combe) became a famed burial-place. In later times the dead 
were buried in swamps, in lagoons, on hills, in valleys. Hence 
burial-plaiies became much more numerous.’’ 

In ancient times no large burial-grounds existed anywhere 
near Native settlements, but when disastrous epidemics were 
introduced by Europeans* then such great numbers of people 
died that they were buried near the village homes, and many 
weiw never exhumed^ Sometimes the death-rate was so appaL 
ling that the survivorB ffed in terror to seefc m w&w ofbm 

leaving many dead unbuned behind them. 

Burial-grounds are tapi, and are avoided by Natives. They 
do not like passing such places after dark, for they have an idea 
tliat the spirits (wairua) of the dead are abroad at such a time. 
How they reconcile this belief with another that spirits of the 
dead descend to the underworld they are not able to explain. 

When a young Native workman was killed by a rolling log 
on the roadworks at Buatahuna, Natives disHk^ passing the 
spot where the accident occurred, after dark, for some time 
afterwards, for fear of encountering the ghost-spirit of the dead. 
Any who so passed after nightfall would sing lustily a Native 
song wlule so passing. His companions objected to return to 
work at that spot, whereat the deceased man’s grandfather pro- 
posed to huki te toto — i.e., to remove a portion of the dead man’s 
bloody on a stick and, by an incantation or charm, to remove the 
tapu from the spot. 

A burying-juace is termed “ urwpa ” or A burial- 

cave, where ejiumed bones of the dead are deposited, is called 
a ‘‘ or “ rm koim,^^ or “ am harm** The eiqiression 
“ whara ” is sometimes applied to hollow treSs in which bones 
are deposited. At Te Tawa-a-Wairoto, near Ena-toki, is a burial' 
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oave where lie many of the dead of Tuhoe On some of the 
ftkulls the tuhi mnrei kura (see ante) may be seen, marked with 
red ochre. 

The burial-places of enemies, or of a conquered or vassal 
people, received but scant respect at Maori hands. When the 
Rua-wahia Block case was before the Native Land (-ourt, Mikaere 
stated in his evidence that “ The Ngai-TuaraitAua people came 
from Waitaha, from O-tama-rakau, and settled at 0-kataiiia and 
at Rua-wahia. They put their dead in a cave named Rau-piha. 
We used to play there as children, breaking the skulls with 
stones. That burial-cave was not of our people Ngai-Tuarai- 
taua were slam by the descendants of Apu-moana.’* 

How different the case when the burying-ground contains 
your own dead ’ “A thing much dreaded bv the Maori people 
is a burial-cave No one trespasses there, no person desecrates 
the spot It IS a thing feared. Should a person trespass on that 
place, severe affliction will affect such person. The bones of the 
dead will turn upon him and afflict him sorely. Although the 
person may deride danger from such an action, yet he will not 
survive I say, though he seek the priest in order to be saved, 
yet he will not survive. Those bones are destroying him 

The tapu from touching a dead body was extremely strong 
and prohibitory. It rendered the person unclean, and unable to 
mix with his family or fellows until he had been purified — the 
tapu taken ofi him. As a source of such defilement the touching 
or handling of corpses was pre-emment, as it is among the Parsis. 
The special class of Nessusalar, or “ unclean ” bearers of the dead, 
among the latter people were also represented among some 
tribes of Maoriland, where certain persons had assigned to them 
the task of handling dead bodies (usually one such person in each 
village), and these persons were continually “ unclean " (topti), 
so much so that they were forced to live as outcasts from tribal 
society ; shunned by all were they, compelled to gnaw their food 
as dogs do, on the ground, not being able to touch it with theii 
thrice tapu hands. 

Whakanoa (Removing the Tapu). 

Near eve^ Native village in former times a pond, spnng, or 
brook was utilised as a place where sacred rites were performed, 
and set aside ior that purpose. These waters would not be used 
for domestic purposes. It was known as the ** vmi tapu ” (sacred 
waters), or wa% Lifting the tapu from persons was 

often done at such places. This custom still obtains among 
the Tuhoe Tribe. When taking the tapu oft bearers and burial 
patties^ the person who officiates as uAunga (priest, shaman) 
conducts the party to the waterside and bids them take off their 
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clothing and immerse their bodies in the water, after which 
he recites a haralaa (charm, incantation, spoil, invocation) m 
order to lift or dispel the tafu^ and gives the parties a cooked 
potato to eat The persons are then noa, or free from tapu^ and 
may partake of food and mix with their fellows Cooked food. 
It may be observed, is a most polluting thing, the direct anti» 
thesis of tapu, hence it is used m these rites to destroy or over- 
come the tapu (uncleanness or sacredness). To smoke a pipe of 
tobacco has the same effect, tobacco being termed food (Jem) by 
the Maori, hence it is sometimes used in that way, generally 
perhaps in ntes of minor importance This rite of whaJeanoa, 
however, was performed with more ceremony m former times. 

A portion of the food cooked for the ceremonial funeral 
feasts — t.e., at the burial of the dead, and at the exhumation of 
the bones — was specially sacred. It was for the chief officiating 
priest, and perhaps the first-born son of the chief (artJa) line of 
descent of the tribe, such a person being termed a “ matamm ” 
(first-bom) ; also, perhaps, the food reserved for those who 
handled the dead body or bones was called by the same name — 
VIZ., “ popoa ” 

The whaJeanoa, or making-common rite, performed over those 
who handled a corpse, or bones of the dead, was termed “ /mre.” 
It dispelled the tapu and purified the operators. 

A portion of the popoa or sacred food was offered (whangaia) 
to the dead body by the priest (tohunqa)^ who placed it to the 
mouth of the corpse and withdrew it. The dead person was 
supposed to absorb the ahua (semblance) or ana (likeness, re- 
semblance, imaginary presence, form of incarnation, &c.) of the 
food. One authority states that the priest merely waved thf 
food in the direction of the mouth of the corpse (“Xa pou^^ ^ 
Jem Ja te waJia o te tupapaJeu’^), repeating as he did so, — 

Tuputuputu atua 
Ka eke inai i te rang! 

E roa e 

Whangainga iho 
Ki to tnata o te tau 
E roa e. 

Now, this is a singular thing : The ftbove is a portion of an 
invocation to the stars, which was repeated at the first fruits 
ceremony m former times. Tuputuputu is, I believe, one of the 
Magellan clouds. All the principal stars ate mentioned in a 
similar manner in the full version of the above. As it was an 
invocation to cause the stars to provide a plentiful supply of 
foods, I fail to see its connection with burial rites. My informant 
may have been in error in ^ving it in the above connection, 
yet he is the most learned of the Tuhoe Tribe in their ancient 
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hiHtorr and ritual and haw taken part in the pure ceremony. 
The (uilv point of light visible to me is tins : The invocation was 
to induce the stars to send bountoous crops, as also to cause 
birds, &v , to be plentiful, but likewise to prevent food^products 
being afhictiMl by anv disease, &(? The oJd-time priests may 
have endea\oured to ward off disease or death from the living 
at such rites as the above It is (‘ertain that at; many different 
functions m ancient times priests perforim^il the Hm ora rite, 
whereby to protect and retain the health, progperitv, welfare — 
phi sical, mental, and spiritual — of the tribe 

At the paff ceremony the cliief mourner had his hair cut by 
a priest with a flake of obsidian This was done at the wai 
kotxkoti or wai wh^akaika^ a sac’.rod stream, spring, or pond where- 
at religious rites were performed 

The term “ Jiorohoro ” is also used to denote a removal of 
tapu, or a portum of the nte “ Horonga ” is applied to food 
eaten by the priest during the above ceremony * “ Horohoro ” 
in the Paumotuan dialect 8igmfie.s soul, spirit.” 

I have hoard it stated by a Native that bodies of persons of 
low social position were sometimes not buried, but simply thrown 
aside, with the added remark, “ Nohea ra e rongo nga tupuna i te 
haunga ” (‘‘Our ancestors would not mmd the stench thereof”). 

Cremation. 

Cremation was frequently practised by the Maori m former 
times. It was practised by those tribes that lived in open country 
where they had difficulty in concealing the bones of their dead 
from enemies ; also by war-parties traversing hostile territory, 
who would cremate their dead, but often preserved the heads 
and carried them back home. At least one case is on record 
where a war-party, reduced to desperate straits during a foray, 
burned their wounded to prevent them falling into the hands 
of the enemy. 

An interesting article on cremation amongst the Maori 
people will be found in the “ %Tournal of the Polynesian Society,” 
vol. iii, p. 134, 

In the Matatua district cremation was performed in some 
secluded spot, which remained kxpti. The ashes were not pre- 
served in any other ymy. 

When Tu-korehu raided Rua-taliuna he lost Te Tiroa, a chief 
of his party, who was slain by Ngati-Tawhaki. The body of 
the slain man was cremated lest it be found and eaten by the 
Tuhoe people. As a relic of the good old days we hav6 still 
among us m Tuhoeland two old men who have taken part in 

* Winiams’s “ Maori Biotionary,” 
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cannibal feastn. Even when a war-party was victorious they 
often were compelled to burn their dead on account of the dif- 
ficulty of carrying the bodies home. 

Those persons who died of kai-unua (? consumption) were 
(’Tematcd by the Ngati-Awa Tribe of the Bay of Plenty district, 
and the ashes buried, lu order to prevent any other person being 
affected by the disease 

The Maori has a belief that the priests of former times held 
wonderful powers. Observe the description of the whakanoko 
manawa nte, as given by the Tuhoe people, and included in the 
late Dr Goldie’s paper on “ Maori Medical Lore,” m vol. xxxvii 
of the “ Transactions of the New Zealand Institute.” 

The following incident was given to me by Himiona Tikitu, 
of Ngati-Awa, as having occurred two generations ago ” There 
was a large meeting of Te Awa-a-te-atua All ^surrounding 
peoples attended it Tawharau, of Nga-maihi, was there. The 
daughter of Rangi-takina saw him and deemed him handsome 
above all other men She strove to gain him as a husband. 
He declined, saying, ‘ You are far above me in social position.’ 
However, the woman overcame his scruples. Then things be- 
came interesting for Tawharau Kangi-takama and his people 
objected to the umon, and put an end to it by slaying poor 
Tawharau Nga-maihi heard of it. They went and dug up the 
buried body to the recited charms of the pnests. They bore 
it to the Kupenga Fort (situated on the bank of the Rangi-taiki 
River, at Te Teko) They deposited it at the tmhu (sacred 
place where religious rites were performed). Then the priests 
gathered to challenge or mcite the spirit of the dead man tfp 
turn and avenge the death of its body. Then the dead Re- 
turned to life for a brief space, the magic spells were worked, 
the spirit rose to its dread work. Then the body returned 
to the clutches of death and was buried. Ere long Ra^- 
takina and the other slayers of Tawharau were no more. '!l^e 
body of Rangi was plac^ in a ISuropean goods-case used as 
a coffin, and taken to Mount Edgeoumbe for burial. People 
gathered to drag the coffin up the steep side of the mountain. 
Nga-maihi were there. One of the latter, Meremere by name, 
rose to chaunt a time song for the hating. It was a tau 
waka r — 

Te hiwi 

Te mauuga a tu mai tiei 
E tupa 
jffot fk$ / 

E tupa 
Hoi eke / j 
Tu^to 

Hoi eke ! Sco. 
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Pukaka, axe in hand, jumped for Meremere, intending to kill 
him, but Nga-maihi closed in and prevented him. The singing 
of the canoe-hauling song was in disparagement of Rangi-takina ; 
it likened hia body to a canoe. Enough ! That party crumbled 
away, each to his home, each to his home ” 

It often occurs that a Native will claim a small piece of ground 
where a parent or ant^estor of his was buried or slain, although 
he has no real right to such lands, cither ancestral or by con- 
quest, and such claims are often agreed U) by the Native owners 
of the block When the Whaiti-nui-a-Toi Block was before the 
Court, Parakiri, of Ngati-Maiiawa, stated in his evidence, “ 1 
<‘Iaimed a small part of Tabu-pango where my ancestor Taupoki 
was buried. Ngati-Wliare had handed over the piece when my 
father told me that Taupoki’s bones had been exhumed and 
taken away. I then waived my claim.” 

There are many singular methods by which the Maiiri of yore 
sought to discover the cause of death and to avenge it The 
following 18 another specimen, and the death of the wizard 
would be compassed by means of magic spells “ Another 
c ustom of the Maori people : A person dies and is buried. If 
it was believed that his death had been caused by witchcraft 
a stick would be prcKUired, over whi(*h magic spells were 
uttered, and it was stuck in the centre of the grave and left 
standing there. Now, should that stick descend (of its own 
accord) into the groimd, to the body which lies below, then not 
one of the persons who caused his death will survive : they 
will all perish. Such is the method adopted by the Maori 
people in order to avenge a person destroyed by witchcraft.” 

In regard to the Earth taking back her children (man) to her 
bosom at death, a similar idea may be discerned in the Rig-veda ‘ 
the earth seems to have been invoked to receive the dead, as 
a mother receives her child.” Observe a quotation at page 256 
of Max MuUer's ” Anthropological Reli|;ion ” ; also, at page 254, 
an account of purification by immersion of the body in water 
after funeral rites. Note the quotation, ” They should not cook 
food during that night,” This is Maori. Funeral and many 
other religious rites were performed by the Maori early in the 
morning, and none were permitted to partake of food until the 
ceremony was over and tike Ukjm removed. We note in trans- 
lations of and writings upon these ancient Oriental works, as 
given by Max Muller, that fire and water were used for puri- 
ni»tion, just as they were among the Maori. In ancient Greece 
this custom also oHained : It was usual at Athens to place 
a vessel full of water near the door, so that those who had 
become impure by entering the house [of the dead] might purify 
tihemselvas.” 
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T here give a few notes concerning a death and burial which I 
rayself witnessed in these parts some nine years ago When 
camped m the sylvan vale of Te Whaiti-nui-a-Toi, in 1896, the 
Tama-kai-moana clan, of Maunga-pohatu, sent three children 
to Te Whaiti to attend the Native school at that place. Some 
time afterwards one of them, a little girl of seven or eight years 
of age, died at Te Whaiti, and her body was carried back to 
Maunga-pohatu to be buried with her ancestors. It was in this 
wise : The old patriarch of the clan acicompanied the children, 
and to a certain extent commended them to my care, hence 
they spent much of their time at iny camp The fever came 
to the canon of Toi, and the brown -skinned children of Toi 
went down before it. Pepuere, of Ngati-apa, and his wife 
broke out the trail from Te Whaiti But a few days and 
bright-eyed Kara followed them in search of the Hidden Land 
of Tane Then little Hmeokaia passed out on her journey 
to the swirling weed of Motau, and, lest they be separated, 
took with her her infant brother, to leave the descendants of 
Tamatca the Cannibal wailing on the storm - lashed peak of 
Tara-pounamu. Timoti, of Marakoko, followed his playmates, 
and Wairama, of the daughters of Kuri, abandoned the world 
of life Scarce passed a clay but we heard the gun fire which 
betokened yet another death, and the world was dark to tha 
people of the great forc^st of Tane Then Marewa went down 
into the dark valley and wrestled for many days with death 
The kutukutu ah% came — the delirium of fever, a fatal sign to 
the Maori — and little Marewa was called by her fnends who had 
gone before 

I was writing in my tent one day when I heard a volley 
fired just across the river, and I knew that Marewa was about to 
lift the world-old trail trodden by all the sous of man, even from 
the days of Tura and of Maui. When I reached the place I 
found her lying m a tent a little distance from the settlement, 
her mother by her side, the people collected before the tent. I 
could see that the child’s end was very near. Her father said to 
me, “ Friend, your grandchild has departed.” And then, just be- 
fore she passed away, he bade her farewell from where he stood 
outside the tent * ” Farewell, 0 maid ! Farewell. Go to your 
ancestors who await you. Go to your playmates. Return to 
your mother, to Maunga-pohatu, who brought you forth to the 
world of light. Go to the world of darkness. Farewell,” Ao. 
The mother sat wailing by the child’s side. Warned by the guns, 
the people of adjacent places kept coming to join in the lamen- 
tation. Each one as he or she approached would cry out, “ Fare- 
well, 0 maid I Farewell” The end came dioon. As her mother 
sat with her hand on the child I saw the poor suffering mitd dbnsw^ 
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her last breath, and pass out over the edge of the rohe potae 
n search of another world. 

Some days before the child’s death her parents arrived, and 
her father began to prepare for carrying the child back to her 
home at Maimga-pohatu, that she might draw her last breath 
at her home and on her own tribal lands Knowing the extreme 
roughness of the track, and judging that such carrying would 
cause the child much suffering, 1 objected strongly, saying that 
she should be allowed to die or recover where she was. 1 gained 
my point, but much offended some of the child’s elders by my 
interference. As the child passed away an old woman sitting 
near raised the mournful long-drawn wail for the dead, and then 
many voices were raised to bewail the loss of Marewa-i-te-rangi. 
It was principally a wordless wail, but every now and then one 
or another would give a few lines of some old dirge. 

The people of Te Whaiti wished the child to be buried at that 
place, but her people objected Therefore a coffin was made of 
rough boards, the body placed in it, and the coffin tied on to a 
bier for carrying Young men of the district offered their 
services as carriers, two carrying the bier, bearers changing every 
mile or two The parents of the child asked me to accompany 
them to their home and see the last of their child I could not 
leave with them, but knew that it would take them three days 
to carry the child home, whereas I could walk the distance in 
a day and a half. So I delayed starting until they had covered 
half the distance. The party stayed a night at three different 
Native villages, and at each place the mournful wailing was in- 
dulged in, as also speech-making. And the people of each 
place asked that the child be buried in their urupa (burial- 
ground), but the father objected. The family with whom the 
child had stayed at Te Whaiti accompamed the party, at, I thinks 
the parents’ request. 

The last night on the road was passed at Rahitiroa, and I 
caught up to the party just before they arrived at that isolated 
hamlet As we wended our way along the forest range, about 
three-quarters of a mile away, our party fired two guns to let the 
village people know we were near. They bad before been apprised 
of the probable date of the arrival of the party. As we passed 
down the bush-covered spur leading down to the hamlet I saw 
old Hopa, of Hamua, cut a stick and hand it to one of the women 
of our party. As we approached the plara we saw the peoplvi 
of the village assembled thereon, while men were firing guns 
frequently, some standing on the roofs of outhouses as they 
fired* As we halted about 90 yards from the collected people 
the coffOin was placed on the ground and the wailing for tho dead 
was proceeded with. After this was over our party sat down» 
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And the leading men of the place rose one by one and made 
speeches anent the death of the child and death in general 
Then the principal men of our party did the same thing. 

Now, when we marched on to the plaza the chief man of the 
place was standing m the ranks opposite At once the woman 
of our party who had been provided with a stick walked up to 
hun and struck him sharply across the shoulders several times 
Ho took not the shghtest notice, but stolidly contnued his 
wailmg The (5ause of this was the fact that this man had pro- 
posed that Marewa be treated by a local iohmtga (shaman), 
a crazy man who treated patients as being afflicted by kehua, 
or spirits of the dead Although the child was not treated by 
this ruffian, yet the proposal for him t;o do so was deemed by 
some Natives to bo the cause of her death Also, the beaten 
man’s own daughter had died but a few days before our arrival, 
and it was thought by some that she had been bewitched by th(» 
same old humbug Had not the long-armed law of the white 
man been reaching out across the wild forests of Tuhoeland at 
that time, it is highly probable that the old warlock would have 
died suddenly of lead-poisoning. 

At this forest hamlet we were treated to an illustration of 
the ancient custom of muru, or kai iaonga — t.e., the taking for- 
cibly or demanding payment for some injury or loss sustained 
by the person or persons from whom such payment is demanded. 
A girl of this place had been assaulted some days previously, 
hence our party demanded compensation. Why a people should 
pay for the privilege of being afflicted by some trouble is a 
somewhat difficult problem for the European mind to solve, 
though it appears to be clear enough to the Maori. Possibly 
it was looked upon as a punishment for them not having looked 
after the child better. It is a custom that, presumably, could 
only obtain among a communistio people. Anyhow, the visitoTs 
left the rioher by two horses, two rolls of print, some new 
clothing, several greenstone ornaments, and 6s. in silver. Ap- 
parently the latter represented the amount of ready money m 
possession of the subclan. ' " 

A considerable amount of speech-making was indulged in. 
In the course of his speech one of the village pecmie said, “ Wel- 
come, O maid I There are none here to welcome Qi^kon] you to 
the plaza. All your Maori people are dead. Your lands have 
become digging-places for the white man*’ [alluding to the Go- 
vernment road-works then in progress]. A woman murmured, 
“iSi/ Moumm a Marma'' (^‘Marewa is wasted ’’-ni.e., reared 
to no purpose). The old chief of Maungc^-pohatu (grandfather 
of the dead child) rose : '' Friends, the shadow of death has again 
come upon us, the death that came to man in the days of Maui 
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of old, m the dav» when man was young upon the earth. It 
has ever remamed with us, even that all men, great and small, 
are caught m the snare of Hme-nui-te-Po. There is no escape 
from it But this dying of our young people is a new thmg 
In former times our people did not die so — they scarce knew 
disease , they died on the battlefield or of old age, they knew no 
other death These diseases which slay our people were brought 
by the white man. They brought the epidemics which raged 
m the days of our fathers, the rewharewha and the hirawaka, 
which slew many thousands of the Maori people. Now we are 
afflicted by the whaka-fakoko (fever) Friends, we have prayed 
long to the God that health and strength be given to the Maori 
people, that we may retain life. But the scourge never ceases, 
it continues and continues Therefore have I ceased to pray 
for health and vigour for our people , I now pray that we old 
people may be taken, but that our children be spared But 
methmks I see before me the end of the Maori people. They will 
not survive. For we can see that our people are fast going from 
the earth,” &c 

Next morning our party started on the last day^s march to 
Maunga-pohatu, over extremely rugged forest ooimtry where 
the work of the bearers of the bier was no sinecure When we 
reached the summit of the high, bleak range of Te Whakaumu 
a halt was made at the old taumala^ or resting-place, used by 
these foot-travellers of the great forest for centuries past The 
snow and cold sleet are driving fiercely across the sullen, exposed 
summit, yet the bier-bearers are sti^ped to the wa st and per- 
spiring profusely. The ascent of Te Whakaumu is no ]oke. 
\^en relieved they wrap blankets round their nude bodies and 
drop behind the bearers. Through a break in the driving storm 
we see the great rock bluff of Maunga-pohatu far above and ahead 
of us. The mournful wail of the lament for the dead sounds 
through the drifting snows. The mother of the dead child is 
crouched upon a rock near by, and gazing across the forest ranges 
at the storm-lashed mountain. She is greeting the sacred 
mountain of the fierce Tama-kai-moana dan, t^ enchanted 
mountain of many a wild legend, that, as Maori myth has it» 
gave birth to the dark-skinnsd people who dwell beneath it, and 
gathers them to her stony bosom in death. For she is the 
rmna of the clan — she is the mother of the Children of the Mist. 

The mother is in the whate potae. She is mourning for her 
child, and greeting the landmarks of her home. It is a com- 
bination of motherdove and the love of primtive man for hm 
tribal lands. Now the summit of the mountain is suddenly 
covered with a white pall of mist. An old man sad, ' Ihe 
mountain is greeting for her ehild.” The parents of the child 
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are a little apart ; they have chaunt-ed a lament for their ehild 
and greeted their mountain home Then, as the monntam-brow 
beeomes obsenred bv the mists the whole of the people give 
voice together in an ancient dirge of their race The bitter 
sleet and snow, fierce-driven by the winds, pelt the mourners 
nnmcrcifullv Through the driftmg sc-ud we see the great cliffs 
far ’ahead, wherein are the caves of the dead, where 1 e the bones 
of many generations of the children of Potilvi And then, with 
the storm fiends lashing us, we go down into the darkling valley 
below 

Wlien we reached the narrow valley where, m times long 
passed away, the men of Tuahaii were done to death, we who 
were not bound by iapu indulged in a meal ; but the bearers of 
the child were not allowed to partake of food until the shades of 
night should fall, and the bereaved parents, being in the whare 
'potae, were also forced to go foodless They sat apart from us 
“ common ” people, and full well do I remember the indignant 
refusal of the bereaved mother to partake of a pannikin of tea 
which I offered her. Men cvlpa ! Of a verity my sms be 
many. 

When our party emerged from the forest into the clearing and 
saw, a mile below us, the village of the Tama-kai-moana clan, 
a few shots were fired to let the people know of our arrival 
They fire several shots in return Then we see the people rapidly 
collecting in the plaza, and long, wailing cries come to us on the 
id ear mountain air Descending by rugged ways we reach the 
stream below, where we halt and form into solid column, the 
bearers of the bier being in front. In that formation we march 
slowly up the slope towards the village. When about half-way up 
the challenger {wero) leaps from cover behmd a stump. Naked 
to the waist, clad but in a scanty kilt, face painted, hair adorned 
with feathers, and brandishing a double-barrelled ^n, he advances 
towards us, leaping from side to side, making hideous grimaces, 
lolling out his tonpie, and emitting deep-toned grunts as of 
defiance. When withm about 12 ft. of the front of the slowly 
advancing column he rapidly fires both barrels of his gun to right 
and left, turns to his right, and walks quietly back to the hamlet. 
The column takes no notice of this exhibition, but marches slowly 
onward, with^guns at the trail, looking straight before them and 
downward. Meanwhile volley after volley is being fired in our 
direction from the village, where many of the men are armed 
with breech-loaders. Loud cries of “ Ham mai t ” are mingled 
with a dozen different laments. As the head of our column 
reaches the fence which encloses the plaza the armed men are 
crouched behind it. Thrusting their guns through the palisades 
they fire a final volley over our heads, and then retire to take 
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their place among the village people who have gathered to receive 
oiir party Then followed a long period of weeping {tangthanga), 
which we have already deseribed This lastod W about two 
hours (a very long Uvngihamja), After this the village people 
— i e , some of the leading men — stood forth and made speeches 
in a loud voice. One big-framed bushman fiercely denounced 
the old chief for taking the ihild away to die through contact 
with the white people “ 1 do not stand forth to weli^ome you, 
but to blame you for the death of our child You took her away 
t^) bring life to the Maori people ! Not so it was to bring death 
We sent her living body forth from here the seinb^aiujo alone 
returns We saw you take her alive and well . you return 
us a piece of wood [the coffin] Why do yon bring this piece 
of timber here ? I do not want it Take it away and give me 
back my grandchild.'* So he continued for some time ; and then, 
droppmg the fierce tone of voice* he greeted the child as though 
she were still living ‘ “ Come back, 0 maid ♦ Come back to the 
home of your fathers. Return here to Maunga-pohatu, to your 
mother who greets you, greets you by the sign of the drifting 
mists The breath of life has departed from you, the personality 
alone remains. Behold yon mountain ! — ^the mountain that 
brought you into the world of life, and which greets her child 
as she returns to rest with her ancestors. Welcome. Come, 
child, though you be covered with the garment of death which 
descends upon all mankind, come and sleep with your fathers 
who await you,” &o. 

That night the coffin was placed in a rude shed constructed 
fox the purpose on the plaea. The mother and aunt of the child 
remained all night with the coffin. Every time I awoke dunng 
the mght I could hear them wailing for the dead, crooning forth 
old laments m tones most doleful to hear 

Mourning and speech-making were continued the following 
day. The parents and aunt (the latter seemed to act as chief 
moumoi^ her part was the whaknkurefH>) took food only 
after darbiess fell. The young men who had carried the child 
from Te Whaiti had the tapu removed from them at an ad- 
jacent stream in the manner already described. 

The second night of our stay, two of our party slept in a shed 
adjoining my own camp. I heard them rise about midnight and 
leave the place. It appeared that they had heard a whistling 
sound which frightened them, as they imagined it to be made by 
the ghost-spirit {kehua or whahahaetuie) of the dead. Therefore 
they took up their blankets and fled to the large sleeping-house, 
where most of our party were, and there passed the remainder 
of the night, 

On the seoond morning after our arrival the child was buried 
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The grave of one of her great-grandfathers, wlio flourished during 
the first half of the nineteenth century* and who had been buried 
at one side of the plaza of the village, was opened and the child 
laid within The people were gathered together about 40 yards 
from the grave The burial party were, of course, all tafu. 
When opening up the grave, one of them took out the skull of 
the old warrior who lay therein and held it up to the view ol 
his descendants, from whom arose a long moamng wail at tlie 
sight. After the burial the tajm was taken off the burial party. 

That night all the visitors were called to assemble within 
the meeting-house. On entering we saw that all the dead child’s 
possessions, except her ordinary wearing-apparel, had been col- 
lected and displayed in fhe middle of tlie room. There were also 
other articles, presented by her elders The items compri^d 
beautiful feather cloaks ; greenstone — ^both worked and polished 
ornaments* and blocks of the rough, unworked stone ; cloaks 
and capes woven from dressed and dved flax-fibre ; as also other 
articles, together with £10 in money All these things, as also 
the horses on which the child liad been carried on divers journeys, 
were presented to the people with whom she had lived while at 
Te Whaiti, those who had tended her during her illness, and 
those who had brought her body back home. Farewell speeches 
were made by the village people that night to our party, who 
were to leave next morning, with many greetings to those who 
had been kind to the child. 

When the sun climbed over the rugged front of Maunga- 
pohatu next morn I lifted the back trail for the canon of Toi, 
amid the farewell ones of the bush folk — “ Haere* Haere hi a 
Marewa"' (“Faiewell. RetumtoMarewa”). Although actually 
leaving the child, yet to tlie Native mind her semblance and 
personality were ever with me and at my camp. Looking back 
from the summit of the range, before entering the forty-mile 
forest, I saw the mother seated opposite to her child’s grave 
on the cbff-edge, and swiftly came back to me the words of Hopa 
of Hamua . “ Kua riro to tatou kura % toku ringa. Hai kmei 
ra E hinef Hat konei, Hai konet. Hat konei, (“Our trea- 
sure has now left my hands. Remain here, 0 maid ! Farewell. 
Farewell. Farewell,” ) 

A remark omitted: In these days of the white man the 
Maori prizes highly a photograph of a deceased relative. Ha\ • 
mg a good many photographs of Tuhoe Natives in ray camp, 
people oorae and ask to see a photo, of some relative who has 
pasi^ away. This they will weep over for a while and then go 
away apparently satisfied. A Native asked me to photograph 
his dead daughter as she lay on the bier. When finished, 1 left 
it with the parents at their home. They made no sign during 
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my bnef stay, but I had not ridden a quarter of a mile down the 
track before I heard the mournful wail for the dead raised. The 
old people here sometimes weep profusely at sight of a photo- 
graph of Te Kooti, or Te Turuki,” as they term him. 

The Maori of yore preferred to die in battle. He disliked 
the idea of perislung slowly of natural decay — “ Engan Icta 
mate a ururoa le iangala ” (“ Rather let man die like the urnroa 
shark, fighting to the last ”) 

At the lamenting for a dead man his widow is a prominent 
mourner She walks ab(mt during the langihanga weeping and 
indulging in the langi tikapa (see ante) Neai relatives of the 
dead, who take charge of the corpse, receive the choicest, food, 
albeit they eat but at night. They are tx*rmcd the “ whore 
mate''' or “ kir% mate ” 

The mortnary memonal is occasionally a double one — in 
this way • When Takua, of the Ngati-Kahungumi Tribe, was 
slain at Nga-humga, a wooden post was set up, and a pit (poka- 
poka) dug at the spot where he fell. Some of the memorials 
erected for chiefs were carved in a most elaborate manner. 

I have heard an old Native say that weeping for the dead 
was not so common in pre-European days here as it has become 
sinoe, and that it was principally performed over a person slain 
by treachery, not so much over those who were slain in fair 
fight or who died a natural death. It may be so, but I have 
my doubts. 

On the return of a war-party there would be a tangihcmga 
for those who had fallen. 

W. Wyatt Gill has recorded the “ trussing of fche body 
for burial in Mangaia (Cook Islands), with many other interest- 
ing facts ; as also the case of a person who remained in the whare 
fotae for seven years, for an only child. 

In some cases members of a war-party would carry home 
the bones of their dead, as well as the head. 

There is among the Maori no feeling against uttering the 
name of a person lately deceased. 

A few weeks ago a Native was taken ill at Rua-toki, and it 
was thought his end was near, hence the people started to carry 
him to Matata, thirty miles away, that he might die among his 
own people and on his tribal lands. On reaching the Rangi- 
taiki River, however, he died, but the bearers took his body 
on to Matata, where the mourning and burial took place. 

Exhumation {Hahunga). 

The exhumation of the bones of the dead usually takes place 
about four years after burial. It, however, often occurs that 
the dead are allowed to accumulate for years, and then a meeting 
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of the peoples to whom such dead belong is called for the pur- 
pose of taking up the bones and conveying them to burial oaves 
or trees This ceremony has ever been deemed by the Maori 
an extremely important one, and those who disentomb tlie 
dead or handle their bones are under viiry heavy iaipu until 
the ceremonv is over and the iafu removed by means of the 
fure rite It often happens that some of the dead have been 
buried for a space of time considerably longer than four years 
Others, again, may not have been buried for more than half of 
that time, or even less. 

Many people collect at the larger meetings held for this 
purpose, caused by different clans being related through inter- 
marriage, and by the fact that Natives enjoy these meetings 
on account of the facilities they afford for social intercourse 
There is much wailing for the dead when tlie bones are disin- 
terred At an exhumation which took place in this district 
some time back there were five men engaged in dismterrmg 
the bones, under an elderly man who acted as tohunga (priest, 
adept). As the delvers took out the bones they were wiped 
with handfuls of grass by the pruunpal person of the party, 
and laid aside m little heaps, the bones of each body being kept 
separate One of the bodies, that of a child, had only been buried 
a few months, and many objected to its being disentombed, 
but they seem to have been silenced. This huhunga was a 
lengthy one, and continued for some time, hence the working 
party could not go foodless for the period of the ceremony, 
hence ]iist before each meal thev had to be cleansed from the 
dread lajni before they could oat They went down to the river- 
side and immersed their bodies in the waters thereof each time ; 
the karakia whakanoa, or cleansing invocation or charm, would 
complete the removal of tapu until they recommenced their 
task. In days of yore this ceremony was always conducted 
by the priests, assisted by their pupils (neophytes). The bones 
of each body were wrapped up and placed on a stage, termed 
a “ whaia fuaroa,'" or “ atamira^^^ where they remained until 
all were disinterred, and were then taken away and deposited 
m the burial-cave. This latter task fell to the lot of the relatives 
of the dead. 

The pnests erected the stage on which the bones were placed, 
and also put them on it, repeating as they did so,— 

Ka iri ki te whata no Hotu 
Hotu tti nuku, Hotu tu rangi 
Hotu tu kai tau. 

Ka iri ki te whata 
Whaiu nui, whatu roa 
Ka eke ki te whata 
Whatu Tangoroa, 
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The following is a charm used by the Ngati-Awa Tribe at 
such times 

Ka in ki te whata 

O Hotu imku, o Hotii rangi 

Hotu tapoa nuku, tapoa rangi 

Til kai are 

Kai lire te po nimui 

Kai ure le p<> roroa 

Hikitia rnai te manawa o Tane 

Ara mai to rnana o Tano 

Kopia mai to mana o Tane 

Ka ngau ki tua« ka ngau ki waho 

Toro hei ! 

Tlie. following is also from Ngati-Awa 

Ka in ki to whata 

0 Hotu nuku, o Hotu roa 
Hotu tatakma to inata o Tuiiui 
Hotu tukua mai te rehu tai moana 
Ka whanatutu tangi 
Whakapua Tutara^kauika 

To wolieiiga Icauki 

Ka in ki to tarana o Tan«vi-to>kapua 

1 to kaptia niUt i to kapua roa 
1 te kapua maiotoru 

I to TataU'O Eaiigiriri 
Turanga maomao 
1 tupu ki tua, tupu ki waho 
Ka ea nga mahk ka ora 
()ra ki tiipua, ora ki tawhito 
Toro hei ! 

These exhumation oeremonies are still conducted among the 
Tuhoe Tribe with considerable ritual. At one such which took 
place in this district a few years ago the proceedings lasted 
for two weeks. This was on account of two children having 
died at the village while the hahunga was m progress, which 
prolonged the function. Then might be seen on one side of 
the plasa a tangihanga^ or weeping for the dead, m progress, 
lamenting the dead with tears and wailing, while just across 
the open square a number of Natives were enjoying themselves, 
making merry with song and dance end shrieks of laughter. 

Persons of low birth were not allowed to take part in dis- 
interring the bones of the chieftain class. Persons so enga^^ 
cannot eat or drink until the ta^ is taken off them. The 
visiting peoples at these exhumation meetings bring presents, 
termed “ taonga kopaU ” (see ante), for the relatives of the dead. 

Supposing that some Natives of another tribe, say Ngati- 
Awa, were to die among the Tuhoe Tribe and were buried there, 
when the proper time came Tuhoe would disinter the bones, and 
a party of them would carry the bones to the homes of the dead 
in the Ngati-Awa country. Those of the party who actually 
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carried the bonea would be Othera would be a sort of 

escort. Some women would probably accompany the party, 
and would act as cooks on the journey The party would also 
take some presents, such as greenstone ornaments (the jewels 
of Maoridom), &c., for the relatives of the dead Ngati-Awa 
would not make any return presents, but would act in a similar 
manner should any of Tuhoe be buried on their lands Relatives 
of the dead retained the taonga k>opah. Home of Ngati-Awa 
might attend the disentombing of their dead bv Tuhoe, or none 
of them might be present 

Many years ago a party of Ngati-Kahungunu Natives from 
Te Wairoa, while on a visit to Rua-tahuria, fell victims to an 
epidemic which ravaged that remote vale. Home years after 
the Wairoa people asked Tuhoe to disinter the bones and con- 
vey them to Te Wairoa. This was done, and the Wairoa Natives 
coUeoted at one of their villages in order to receive the party. 
As the latter entered the village and marched on to the plasa, 
those bearing the bones were m a state of nudity, to show that 
the tapu was on them. They merely wore a rude maro of green 
branohlcts fastened round the waist Rumours were abroad 
that the Wairoa people were armed and were going to fire on 
the party — a most extraordinary thing to do under the (uroum- 
stances, but the old-time enmity between the two tribes was 
still keen at that time. They may have suspected witchcraft 
(makutu) as the cause of their friends* deaths. Just before the 
party entered the village, an old woman, who was performing 
the powhin (welcome) from a small hill hard by, called out, 
“ Kia tama-tane te haere ” {{ c , “Be cautious how you ad- 
vance *’), and Tuhoe thought that things were about to happen. 
However, nothing untoward occurred. 

The funeral feast held at the hahunga (disinterment) of bones 
of the dead was an important affair to the Maori people, and was 
accompanied by much ritual, repeating of invocations, incan- 
tations, &c. For some time prior to the ceremony the people 
would be busy at cultivating extra food for the occasion, and 
also preserving various kinds, as birds and fish. As the time for 
the hahunm tupapaH drew near, all available kinds of fresh 
foods would be obteined for the ceremonial feast, These iooA^ 
would be cwked iu different ovens (steam-ovens), each one 
having its distinctive name, and its contents being for certain 
persons only. Some of these ovens were intensely topti, as the 
small one for the chief priest, and that for the eldest son of the 
high chief’s family. T^is feast was a part the pure or tapu- 
lifting rite. All obtainable vegetable food, as sweet-potatoes, 
taro, greens, &c., were cooked in these stOam-ovens {umu or 
4mu), together with fish, birds, and, as a special luxury, the 
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flesh of the Native dog Rats were often preserved in fat and 
so eaten. 

Among the Tiihoe Tribe there were six different ovens pre- 
pared for the pure funotion — i e , for the general feast The 
function itself was often termed “ ahi pure (pure fire), sacred 
fires being used in many Maori rites, which often are termed 
“ fires,” as “ ahi f^Uai ” (the tmtai fire or rite), “ ahi rokia'^ &c. 
The term ” mm ” (oven, steam -oven) is often used in the same 
maimer, as also is its variant form “ tmw” — umu pera, 
umu pongipomji, tmu hirihau, tmu wa-haroa^ &c. The ordinary 
term for a steam-oven is which, however, Tuhoe never 

apply to these sacred ovens, or ovens used in connection with 
their numerous religious rites. Such ovens they invariably 
terra “ umu ” The Ngati-Awa Tribe often use the form “ imu ” 

The following are the ovens used formerly among Tuhoe * 
(1.) Tuakaha (umu tuakaha) A small oven it contains food for 
high priests only. (2.) Potaka (umu potaka) Contains food for 
the priests of lower standing. (3.) Whangai (umu whangax) ’ 
For the anh or Idgh chief of the tribe, the first-born of the prin- 
cipal family, a very tapu individual. The most highly tapu of 
all the ovens . even the priests could not approach it. (4.) Rua- 
hine (umu rmhxm) : Contained food for the rmhine only, an 
elderly woman who was employed in whakanoa^ or tapw-lifting 
rites. (5.) Pera (umu pera) : Contained food for the warriors, 
fighting-men who had been proved in battle, and termed “ ioo,” 
arero-wheroy^* ika-a-whiro.*^ This was a large oven, 10ft. to 
20 ft. in diameter. No women were allowed near it. (6.) Tuku- 
para (umu iukupara) • This was a very large oven (or ovens) in 
which was cooked food for the oidmary people— ».€» , the bulk 
of the people. 

A portion of the sacred food was eaten by the priests, and 
a portion, os we have seen, was offered to the dead. People 
liad to be very careful in regard to the abt)ve-mentioned ovens 
and the foods they contained. They were kipu. and all rights 
pertaining thereto were jealously guarded. The last-mentioned 
(No. 6) alone might be approach^ or partaken of by any person. 
Should a person approach the oven (or its contents) of the priests 
or arikx (malamm), there was trouble toward of a very serious 
nature. But to take of such a food and eat it, even the scraps 
from a meal, was an act of impiety dieadful to think of. If a 
common person, the offender might be slain, or he might die of 
fright if the act had been done in iterance. Anyhow, it would 
need a priestly rite to save him irom the anger of the gods. 
If eaten in i^oranoe, and a priest were called in, the latter 
would perform the diagnostio rite in order to ascertain the cause 
of the patient’s illness. He would then say, ** He popoa to maie. 
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Nau % hai i te popoa"' (“Your comjjlamt la caused by your 
having eaten of the popoa ”). This “ popoa ” m a term applied 
to the sacred foods set apart tor the t^ipy peraona who take part- 
in the disentombing ceremony For another person to eat such 
food was a hara, and th<} act would aifoct hia throat, which would 
contract, or seem to contain some obstruction “ Pofoh ” 
seema to be another name for the sacred food used at 

the hahunga lupapaku ceremon}', as alao that- used at the rite 
to take the Uipu off a new-born (duld and its mother One 
authority, and a good one, says, “ 3/o femn tngoa, mo popoki 
ho te niea tuataht h te haererufa hi te mala kai mo te iucUamfa — manu 
ranei, %ha ranei, ha kawea hi mmi ma fe atua ** (“In regard to 
this word ‘ popoh' it is the first article of focal obtained by a 
party who are collecting food for the hm rite over a child, be 
it bird or fish ; it is taken to the sacred place and oflered to the 
god’’). 

But we must lift the tapxi from the sacred foods of the hahunga 
feast or black death will be our portion The tapu is removed 
by moans of a harahia (invocation, charm, kc ) called a “ wha- 
kau ” This is recited by the priest, who t-akes a small portion 
of the food (as a single sweet-potato) and offers it to the ancestral 
gods, to give power, influence, to his invocation. He then 
takes a small portion of the food and holds it over the bulk of 
the foods to be freed from tapu, and repeats, — 

To kai ihi, to kai xhi 

To kai Kangi, to kai Papa 

To kai tapu 

To kai rua Koiwi 

To kai awe 

To kai karu 

To kai lire pahore 

To kai matainua 

To kai rua tupapaku 

Wbakataha ra koe 

K te anewa o te rangi e tu nei 

He tawhito to tapu e homai nei 

Kei taku ure 

to tapu ihi, na to tapu niana’j 
Hinga ki inna 
Takoto ki raro 
Ki to Kauwhaii anki. 

The priest fchen lifts the piece of food to his mouth and 
recites,— 

£ kai tatau, £ kai 1 £ kai 1 
Kai atu tatau ki nga ihi i te rangi 
Kai atu tatau ki nga tapu i te rangi 
Kai atu tatau ki nga ruanuku 
Kai atu tatau ki nga rua Koiwi 
Kai atu tatau ki nga rua tupapaku 
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Kai atu tatau ki nga attia tapu 
Kai atu tatau ki nga mana i te rangi 
Mate rouroua ttritina, makamaka 
Kia kai mai t« ati tipua 
Kia kai mai tc ati tawhito 
E kai ! K kai ! 

E boro, e boro o tatau kaki 
Kia kai nuku tatau 
Kia kai rangi tatau 
Kia kai matamua tatau 
Kia kat wahi tapu tatau. 

Thus in tKe tapu taken off fooda and perBons, and the assembled 
peoples may then eat. Should they eat of the food before the 
tapu 18 lifted from it, then such food would turn upon and 
destroy them— which means that the gods would deetroy or 
afflict them sorely for having been guilty of a hara, or infringe- 
ment of tapu The wkakau also lifts the excess of tapu from 
sacred persons, such as priesta and ank%. Understand, the 
whakau is the highest order of such invocations, but it is only 
repeated over the most highly tapu food, as the above-described, 
or food which has been carried on the sacred back of a nuUamua 
(first-born of a high chiefs family). The taumaha is another 
variety of such karakia, but it is recited over ordinary foods 
much less tapu than the above. This taumaha also removes 
the tapu from foods. The whangai is a kind of whakau. It is 
applied to food “ fed ” (whangaia) or offered to a god (atua)^ 
and over which a charm is repeated by the priest. If persons 
are going on a journey to places where they fancy they may be 
bewitched, they cook some food, over which the priest recites 
his charm. A portion of this food the travellers eat, and a por- 
tion of it they thrust into their belts and bo carry with them. 
It will have the effect of warding off the shafts of black magic. 
When they return from their journey, and before they enter the 
village, the priest will take the tapu from them, or it might en- 
danger their welfare, or even theii lives. They are then free to 
go to their own homes. The whakau is nowadays often termed 
a “ whakawhetai,** a very misleading expression, 

A good authority informs me that, should a person in former 
days so forget himself as to eat of the umu whangai (No. 3 ), 
he would at once be plain. 

In ancient times the flesh of the breed of native dogs known 
as ruatangi was much esteemed for these funeral feasts of the 
Maori. 

A good deal of the above ritual is still retained at X lese func- 
tions among the Tuhoe TVibe. 

Among the Ngati-Awa Tribe the following appears to be a 
list of the ovens used at the hahunga : (L) Umu kaha: For the 
priest. {( 2 .) Ufm potaka, or umu hirikm^ or imu tamaahu : 
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For maiarnxia (see ante). (3 ) Umu wakaroa : For the bulk of the 
people. 

The imu parardhi seems to be the same as No 1 But my 
notes on Ngati-Awa rites are very meagre Tutakaugahau, of 
Tuhoe, says that the fararahi was an umu marae — i e , for the 
bulk of the people A Ngati-Awa inetnber states that among 
that people women were not allowed to partake of the pure 
foods. 

Caves and holes, chasms, &c , where bones of the dead are 
deposited are called “ whara.'^ They are usually situated in 
very secluded spots, and are often most difficult of access. 
Some of these caves, situated in precipitous cliffs, have to be 
approached by ladders, or by a person being lowered from the 
summit of the clifi. One at Rua»tahuna can oulv be gained 
by climbing a tree, then laying poles from the tree-top to the 
l^ge of the cliff-face where the cave is. Some, with small 
entrances, are blocked by means of stones. Some, again, are 
mere rock shelters, not true caves 

As the bearers of the bones of the dead proceeded to the 
cave or tree where the bones were to be deposited, a priest 
preceded them repeating the following (E haere atu ana ana, ka 
iimaia te Icarakia waere at,u a te tahunga) 

Ho kimihanga 
He rangahautanga 
Ka kimi ki hoa ? 

Ka kimi ki uta 
Ka kiiiu ki hea ? 

Ka kimi ki tai 

Ka kimi ki te Po 

Ka waere ma kereta 

Ka waere ma kereti 

Ka kitea mai te hau o te tipua 

Te hau o te tawhito mai te rangi tu 

Kai to kahui mate i te Po 

Kai te kahm ora i to ao nei 

Tena ka kites koe ki tua 

Ka kites koe ki to wbai so 

Ki te ao marama. 

The bones of each person are made into a bundle, and are, 
or were, often smeared with red ochre {kakowai) before being 
placed in the cave The party who carry the bones to the 
whara have to be whakanaatm, or freed from tapu, before re- 
turning home. 

Among the Maori people, the elements of fire and water 
were the recognised purifiers of persons, objects, and places 
which were tapu (sacred, or unclean). Oriental peoples utilised 
them for the same purpose. In ancient Borne, on the return of 
relatives of the dead from the cremation of the corpse and the 
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placing of the remains m the sepulchre, they “ stepped over a 
lire and were sprinkled with water.’^’*' Among the followers of 
IZoroaster water is the great purifier, but the urine of cows ia 
also used for that purpose, and also as a charm against evil 
spmts.f A similar custom to the latter obtained among the 
Maori, as we will endeavour to show in the days that he be- 
fore. 

A Native woman died recently at Ruatoki. She wam, as is 
usual, placed in a tent to die, hence the cottage of herself and 
husband did not become tapu. They had another, a rude hut 
bmlt of trunks ot fern-trees, some distance away, where they 
lived when working in their maize-field, and in winch they kept 
various cooking -utensils. Riding past the spot this day, T not^ 
that the hut had been burned, with its contents 

Ah mate (extinguished fire) ^ This term is applied to a place 
where all the people have died, or are ill, and so cannot keep their 
fires going, as a plat'e where an epidemic is raging. It is often 
used as m the “ cold hearthstone ” of Keltic peoples 

Whare rtgaro, or wkare mate : This expression implies a lost 
house— i.c., a lost line of descent, where all members of a 
die without issue, 

Marua maf.enga tangaltm : The wm^ ‘‘ marua is used to 
denote bead deptmd iif Rs protector, safeguard, counsellor, 
Sk, ; as when a head chief dies it is remarked, “ Marua am te 
whenun ” (ara, hua kore he tinotangata hat arai i te kino^ % te aka^ 
i te aha, i te aha). 

When a Maori dies his children mhent his property Wea- 
pons, implements, &c., of Ordinary kinds would be shared, or 
all would use them, also clothing. But any specially prized or 
valuable weapon or garment {e.g„ a dogskin cloak) would be- 
come the property of the eldest son, who would have the arrang- 
ing of such matters. Such an article as a canoe would be us^ 
by all the children — He waka eke noa (any one can use it) 

When Kahu-tatara was slain by Runi at Pu-kareao the re- 
latives of the dead man felled the tr^es at the spot where he was 
killed, as a tohu (sign, or memorial) for his death. When Te 
Ahuru, of Tuhoe, di^ at Rua-toki he was buried at Te Tawhero 
pa (fort). A dog burrowed his wav into the grave. It was seen, 
pursued, and killed in crossing the Whakatoie River. Hence 
that river was tapu for some time, the tapu being finally removed 
by Kereru te Rua-kari-ata, who drank some of the water during 
the ceremony. 

Among Tuhoe, most ghoulish of cannibals, the body of a 

* ** Atithropolegical p. 272. 

t “ The Stc>ry of Religions,” by D, D. Price, p. 40, 
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poTBon who died a natural death was sometimes eaten, rf he was 
not a near relative. 

When a loved relative, as a favourite child, dies it is a (5oni« 
men thing for the child's property, clothing, playthings, &c , 
to be destroyed or given away. In the case of Marewa, cited 
above, this was done so completely that no article of hers re- 
mained, whereupon her grandfather applied to the master of 
the Native school that she attended for the child’s slate, that 
her people might have something of hers to greet over and re- 
member her by. 

On the death of a chief of importance, one possessed of much 
mam (influence, prestige, &c.), scwial, intellectual, and spiritual — 
a person who would, of course, be highly tapu — a peculiar rite 
was performed in many cases by the eldest son of the deceased, 
in order that he might acquire the powers of his father. A part 
of this ceremony consisted m the son biting the ear, or big toe, 
of the corpse. 

When Mahia, of Tuhoe, was slain by Te Whakatohea at Te 
Pa-puni those lands were made tapu, on account of a chiefs 
blood having been shed thereon. This of course meant that 
no one might utilise the food-products of such lands. Some of 
the people living there did, however, eat of such foods This^ 
being a serious violation of tapu, a party of Tuhoe marched on ' 
the Pa-piini and slew many of those erring ones. 

When Ngati-Awa defeated Tuhoe at 0-tu-kai-mararaa, near 
Te Teko, they captured alive both Wahawaha and Tipoka of 
the latter tribe. Before being slam the captives sang together 
a song of greeting, affection, and farewell to their tribe and 
lands. They were then slam by the widows of those of Ngati- 
Awa who had been slain by Tuhoe. 

The Ngai-Tama clan of Te Whakatohea Tribe assisted in 
defeating Ngapuhi at Motiti Isle They were under the chief 
Titoko, who brought to Opotiki a cannon which had been cap- 
tured from Ngapuhi. This cannon was fired ofi whenever a 
chief died, for the Maori delights in making a noise at such times. 
A Native who had his horse drowned while crossing the creek 
near my camp at Rua-tahuna returned with his gun and fired 
several shots over the place where the animal perished. 

Plumes of the huia and Jeoiuku birds were used to decorate 
the heads of deceased chiefs as they lay upon the alamira* The 
Ngati-Awa people say that fine plumes of the moa were formerly 
used for this purpose. They were termed the “ rmi-o-piopio/' 
and grew under the “ armpits ” of the moo. 

When in former times a man was lost and thought to be 
dead, the priest would perform a certain rite and repeat a charm 
to cause the bones of the dead to “ resound,” so as to make 
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known their whereaboutR. The bones of a murdered man were 
oolleeted by a pnest, who placed them m a heap before him. 
He would then proceed to whakatara the same — that is, to recite 
an incantation over them to cause them to give a sign to show 
whether or not the death would be avenged A singular kind 
of divination this ! Should the bones move of their own accord 
as they lay before the priest, that was deemed a tohu toa, a token 
of victory — the death would be avenged. 

We have seen that lands wore rahmiia, or placed under iafu^ 
sometimes at the death of a chief The same thing was done 
in regard to rivers, streams, and lakes When M atm’s sons 
died, the Okahu Stream at To Whaiti was put under tayu, as 
also were the Ngaputahi lands Hence no fish, birds, or vege- 
table foods could be taken therefrom until the iayu was lifted. 

In the case of an important chief or priest his tapu would be 
intense. At his death his son, or whoever prepared him for 
bunal, would have to be extremely careful in his speech and 
actions. Any error made would cause his death— e g , a mistake 
made in repeating a charm or invocation Persons so deeply 
tapu could not touch food with their hands, and had to be fed 
by another person, or gnaw at the food on the ground, as a 
dog would. 

A special person, termed a takuaht, was often employed by 
priests to kmdle sacred fires and ovens for them. 

For the bones of their dead to fall into the hands of enemies 
was a dreadful tlung to the Maori, for that enemy would heap 
overy indignity on such. Mnking-vessels were formed from 
■skulis. In one such case in this district a man obtained an 
enemy’s skull and grew in it a taro as food for his child. 

Infringements of tapu were sometimes punished by a party 
of the tribe, often of near relatives of the transgressors, coming 
and forcibly seizing and carrying away the portable property 
of the latter, as food, 4;c. 

When old Hakopa, of Te Umu-roa, died, which was on the 
14th November, 19(K), we did not hear of the death at my camp 
until the next day. But on the afternoon of the 14th my near 
neighbours, an old Maori couple, living 200 yards from my camp, 
came to my tent and asked me what I had called out for. On 
my replying that I had not called them they retired. Next 
day they came up and said, “We have just heard that Hakopa 
has died. Now, it was his mtrua (spirit) that we heard calling 
out yesterday, and thought that it was you calling. Spirits of 
those recently dead often do these things.” When Natives are 
annoyed by such a spirit of the dead they proceed to banish 
it by cooking a potato, carrying it round the hut, and then eat- 
ing it. Even the smoking of a pipe may have the desired effect. 



222 


Tmnmetiom. 


We have noted that a large proportion of deaths were, in 
former times, ascribed to the gods, who thus punished the viola- 
tion of tapu. Even those who were said to perish through 
witchcraft may come under this heading, for the gods imparted 
the power to such magic spells or charms But many different 
causes were given m those days. Here is an example : When 
discoursing on the history, &c., of the tribe, should a person of 
the party condemn some statement made as being false, in order 
to make himself appear important, “ two nights,” as my mfor- 
mant put it, “ would not pass ere he died For our ancestors 
would hear their tribal history condemned, and would slay the 
person who denied its truth. Such is the power of our ancient 
knowledge. Thus do our ancestors watch over and guard us.” 

Death was not often allowed to interfere with important 
tnbal duties After Whitmore’s raid on Rua-tahuna, Tuhoe 
gathered at Tahuaroa and decided to send Hinuona te Piki- 
icotuku to Roto-rua to sue for peace He said, “ How can I 
go ? My wife is dying.” His wife at once said, ” Do not think 
of me. Think only of the tribe.” So Himiona started for 
Roto-rua. As he was ascending the range above Pu-kareao 
he heard across the forest-clad hills the volleys which told him 
that his wife had passed away. But he trudged on, bearing thp 
greenstone battle-axe “Hau-kapua” as a peace offering to the 
Government 

An old woman of the Ngati-Manawa Tribe, being near death, 
caused her people to place her on a sledge and drag her to the 
base of the range, near Horomanga Creek, dig her grave there 
and place her in it, where she died. She had told them before 
as to the day she would die 

When Mawake, of Kawerau, died his bones were placed at 
Waitaha-nui. Manaia found them and took the jaw-bone, from 
which he fashioned a fish-hook When he went a-ffshing with 
this hook all so gay a sign came to him : a fish called “ oAo ” 
leaped into his canoe. Then tlie monsters of the deep rose and 
destroved Manaia and his fellow-fishermen. Moral Don’t in- 
terfere with tapu objects. 

The expression ** a rakau ” is sometimes applied to a 
natural death. It implies decay, or death as a tree dies— of 
decay, not by violence or magic; spells. The terms “ 7nate tarn 
whare ” (death by the house-wall) and “ male koeo ” (also termed 
” mate aitu ” and ” Aemo o aitu ”) are also used to denote a 
natural death. “ A, roa km tho avo % muringa iho o taua taaa 
wet, ka 7tmte a Nahu- He tino koroheke a la, a mate a rakau at 
tana mate, ara t toe ano ki te trn e ruhi at ie tinana, a ka mate a 
(“ Nabtt died some time after that war expedition. He 
was a very old man, and his death was that of a tree — ^that ia 
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to say, hf* had amved at the age when the body becomes very 
W'oak, and he then died,”) 

When Whitmore’s column were marching on Rua-tahuna 
they attjmked the Harema fa at Te Whaiti, slaying some of the 
inhabitants. Hence the place became tafu — not only the fort, 
but also the surrounding lands — on account of the blood shed 
there. Shortly afterwards some of the Ngati-Hine-kura c-lan 
settled on those lands, but were turned off by Ngati-Tawhaki 
because the tajm was still new “ Kaore e tika km mho he 
iangata h kona, engari Ida nmtaoiao nga male''' (*‘It was not 
right that people should live there until the deaths ‘ cooled.’ ”) 

Besides natural decay the Maori recognised three modes of 
death — m 4 ile atua, or death caused bv the gods (deaths by 
witchcraft (wnkutu) may also be placed under the above head- 
ing, for reasons already <|U0t6d) ; male taua, or death on the 
battle-field, is a third class ; while accidental deaths and suicide 
may be called a fourth 

Many curious notes pertaining to death may be found in 
my Tuhoe notes included in the late Dr. Goldie’s paper on 
** Maori Medical Lore,” m the “ Tranaaotions of the New Zealand 
Institute,” vol. xxxvii, as also in vol. xiv of the ” Journal of 
the Polynesian Society.” 

” Nga taru o Tura ” (the weeds of Tura) is a term applied 
to grey hairs (of genm homo). The suigular story of Tura and 
the coining of death may be found in vol. ii of White’s ” Ancient 
History of the Maori.” I have never obtained any version of 
this peculiar legend from the Tuhoe Tribe As also the um ora 
a Tane (the life- or health-giving waters of Tane) I leave for 
other pens to describe, my Tuhoean notes on the subject being 
meagre. Suffice it to say that the moon bathes in those waters 
of life each month, and so renews her life. Maui desired that 
man should do the same. Tane, the ubiquitous, appears under 
many names, as parent, origin, or tutelary deity, &c., of trees, 
birds, Ac. Some Natives speak of Tane-te-wai-ora being a 
separate person, but it seems probable that there was but one 
Tane, who, however, assumed many functions under different 
names, like unto the god Merodoch, of Babylonia. 

Under the term ” ahi parapara ” we find some very curious 
rites and charms or invocations. The expression parapara ” 
is applied to many things-^as remnants of clothing of the dead, 
the spittle of a living person, Ac. — ^but always, I believe, bearing 
or implying the sense or state of tapu. Two of these rites were 
known as ” ahi iuU ” and oM rofcm.” They were utilised to 
u^kama, or make common (to remove tapu, to purify), as, for 
instance, persons who had lieoome tapu through touching or 
handling something belonging to the dead. Observe the terms 
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“ ahi tute'' or Me fire, “ ahi rokta"' or roktaJ^fiTe * these^ex* 
pressioriB are really equivalent to “ the tut£ rite *’ and “ the 
rokia rite.” But in the performance of these rites sacred fires 
were kindled by the priest — kindled by the friction process, hence 
they were styled “ ahi j)ahikahtka'^ or generated fires, for such 
sacred fires must be so generated by means of the ancient and 
primitive process of the Maori ; they could not be kindled by 
means of a firebrand or coals from another fire, and to light 
them by such means from a cooking-fire would spell death for 
every person concerned But note how the idea of the punfying 
efiect of fire has been retained in all these Old-World customs 
and ceremonies. 

The word “ lute ” implies a driving or thrusting away The 
following incantation is to thrust away or fond ofi the hurtful 
powers of tapu, inana, and parapara — t.e., to make common 
and render harmless 

The Tute Chakm (l*art only.) 

I ka ra taku ahi tute 
Tute hoki tua, tute 
Tute hoki waho, tute 
Tute ka mama, tute 
Tute ka paheke, tute 
Tute ka whati, tute 
Tute ka oma, tute 
Tute nga tapu nei, tute 
Tute nga mana nei, tute 
Tute nga paiapara nei, tute. 

Tins was all that my informant could remember of this pe« 
cuharly worded karaha. 

Here follows the rokta charm or incantation. The expres- 
sion “ roha ” or “ roki ” implies a lulling of the senses, a 
causing of forgetfulness, a dulling of visual and mental percep- 
tion. C/- the terms “ ro^w,” “ and “ rorohu^ The rofu 

18 a charm to put a person to sleep. 

The Kokia Chabm. 

Hika ra taku ahi © roki 

Rokia 1 nga parapara nei 

Kokia 1 nga tapu nei 

Rokia 1 nga mana nei 

Kia tae koe 

Koi ihi, koi nana 

Koi naunau (ngauiigau) © roki, 

Ngoru — ho 

This ceremony is an ahi parapara. The rokia renders the 
parapara^ tapu &c., harmless — prevents them from turning ta 
afflict man.” 

A sinplar expression, overheard by myself one day : ** The 
stones with which the body of Te Whatu-pe was cooked ara 
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still weeping/* As usual 1 made inquiries, for you must be keen 
to (jatch and follow up suoh remarks if you wish to acquire the 
old-time lore and study the mentality of primitive man. Te 
Whatu-pe, of Tuhoo, was slain by a party of Te Whaka-totiea 
about five generations ago His body they cooked in a hariyi 
(steam-oven) and ate It is said that the stones used to heat 
the oven are still weeping— that is to say, the fat from the 
(ookod bodv 18 still exuding from those stones, but only when 
the descendants of Te Whatu-pe visit the place 

“ Pehi tUoin ** ; An expression often heard when persons are 
speaking of death. The branch of a titoki tree (or, presumably, 
of anv other tree) dies, decays, and is seen no more, but the 
peka kingafa (human branch) decays and is seen again in his 
offspring Bo-and-so is dead, but his children survivo -apa he 
peka titoki (if he were a peka fvfoh, then indeed he would leave 
uo trace behind) The rendering given by Kir George Orev in 
his “ Maori Proverbs ” is different. The term jteka titoki'’* he 
says, 18 applied to anything difficult to break, or to a people 
diffirult to conquer The tiioh has a very tough, strong timber, 
resembling hickory 

The Maori was a believer in metempsychosis When Hine- 
ruarengi, daughter of Toi the Wood-eater, of immortal fame, 
died, hot spirit entered upon another earthly life in the form of 
a cormorant, which bird has since been the tribal banshee of 
the Ngati-Whare Tribe, of Te Whaiti, Whenever a chief of that 
people is about to die, or prior to a defeat of the tribe in battle, 
the bird appears flying above the village of Ngati-Whare at Te 
Whaiti. Another of their omens of a like nature is the playing 
of lightning on the mountain-peak of Tuwatawata. Each tribe 
of this district has its rua k/>ha — principally high ranges or peaks, 
to see lightning playing on which is believed to foretell the death 
of a tribal cliief. Landslips are also looked u{>on in a similar 
manner. 

Te Talii and Te Putaanga, two ancestors of the Ngati-Awa 
Tribe, are said to have both reappeared as sea-demons (mara- 
kihau) after their death. They are represented among the 
carved ancestral figures in the Native meeting-house at Kua- 
tahuua. 

Spirits of the dead are said to sometimes return here in the 
form of butterflies or moths.* The spirit of a stillborn child 
may enter a bird, or fish, or animal, or insect, when it works 
liavoo as a oaco-demon. 

Nga*rangihangu, an ancestor of the Ngati-Manawa Tribe, 
became a taniwha (water-demon) after death, and abode in the 
Rangi-taiki River at Raepohath, near Te Houhi 

♦ Cf. beliefs of the Samoans and Niaasans. 

8 — ^fraos. 



226 


Transacttom, 


Expressions, Proverbs, Aphorisms, kto., pertaining to 
Decay and Death. 

“ Nga mate ^ Kawerau, me tangi mm % Whakutane ; nga 
tnate i Whakatane, me iangi atu t Kawerau ” (The deaths at 
Kawerau, mourn for them from Whakatano , those who die at 
Whakatane, mourn for them from Kawerau) This saying is 
applied when persons are too busy or are disinclined to attend 
funeral obseqiues at a distant place 

** Ka mate he tele hira, ha ora he tele kura ” (When a chief dies 
another is ready to take his place). 

“ WaiToa iafoho rau ” (Wairoa engulfs hundreds). Applied 
to the Wairoa district, Hawke’s Bay, on account of so many 
people being slain there— by witchcraft, according to surrounding 
tribes. 

“ Tauarai o te Po, tUoko o te ao marama ” (Screen from Hades, 
prolonger of life) Applied to those who succour persons in 
danger. 

“ Mohaha whanaumja kore ” (Mohaka the rolationless) Ap- 
plied to the Mohaka River, on account of so many persons 
having been drowned therein 

“ Ka pu te ruha, kn hao te rangatahi ” (The old net is laid 
aside, the new net takes up the work). When men become oH, 
feeble, and near to death, young men take up their work. 

“ PunUa to kaun hat o matenga mou ” (Keep your kmm as 
food for your death journey). Kaun^ihe soot from resinous 
wood, used for tattooing-pigment This remark is said to a 
mean person who will not give something he has been asked for 

“ Whatu ngarongaro he iangaia, imiu he whenua ” (Man passes 
away, but the land remains for over). 

“ Kua tau nqa Taru o Tura ” (The weeds of Tura — grey 
hairs — have appeared, death is approaching). 

“ Katt te iangiy apopo iatnu ka tangi anoy apa ka te tangi i te 
fat, e tangi roa, e ngumjuru ionu ” (Cease wading, to-morrow we 
shall mourn again. We are not like the sea, whujh ever mur- 
murs, ever rumbles). Said at funeral obsequies when the (rrying 
and wailing is prolonged 

“ Matua pou wharey rokahia ana ; matua tangata, e kore e 
rokohia^^ (You can always seek and gain shelter in your house, 
but not always so with a friend — death may take him). 

Kei mate a tarakihi koe^' (Be careful lest vou perish, or 
suflEer, through indolence, dilatoriness, &c.). 

“ Engari kia mate a ururoa te tangata (Bather let man die 
as does the ururoa shark, strenuous and fighting to the lost). 

“ Na mat te kokomuka4u4ara-whare i hiia kia haeref^^ (Who 
said that the house - wall - growing Veronim should travel I). 
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Used by an old person, feeble from old age, when asked to leave 
home He sticks to the house or house-wall, like the species of 
Veronica called “ kokomuka-tu^tara-whare,^^ which grows on the 
earth-covered sleeping-houses 

“ Kai hm te ua o te rangi hei ua tho i te rae o Tane-nui-a- 
rangi ” (How may the rains of the heavens fall from the brow 
of Tane-niu-a rangi). Quoted by a person who saves another 
from death in battle, especially when his power to do so is ques- 
tioned. 

“ lie Ui na Tuhoe e kata te (A few of Tuhoe and Hades 
shall laugh) A saving applied to the Tuhoe Tribe, on account 
of their valour and ferocity in war. 

“ Ka pa (e hau mihi kmnga, he hurihanga kaupapa ” (When 
soft, gentle breezes blow, then disaster is mgh). Such winds are 
deemed an omen of death or disaster. 

“ Ehara i te ti e warn ake ” (When man dies he is seen no 
more, unlike the Cordyline, which when cut down sends forth 
shoots from its stump). 

“ He ai atu ta te tangata^ he huna tmi ta H%ne-nux4e-Po 
(Man begets offspring, while the Goddess of Death destroys 
them). 

“ Ka male Uno tangata, iena e rewa mai ” (When a chief dies 
plenty of uhunga or mourning parties will come). 

“ He tmhtne, he whenua, e ngaro ai te tangata ’’ (Through 
women and land do men perish). These were prolific causes of 
war. 

“ He toa taua, mate taua ; he toa piki pari, mate pan, he toa 
ngaJd kai, ma te huhu iena ** (The warrior dies on the battlefield, 
the cragsman by cliff-side, but the industrious cultivator perishes 
of natural decay). 

“ I paia kota te Peinga ? (Is the underworld closed ? ) Be 
not foolhardy or you will perish. 

The terra “ aroarowhaki ” denotes the quivering of the 
hands, with arras extended, as seen peTformo<i by mourners, 
usually by elderly women. 

When Big Jim, the guide, of Taranaki, was killed at Manawa- 
hiwi, just where the road from Te Whaiti oomraenoes to ascend 
Taxa-pounamu, by an ambush of Tuhoe, the force camped at 
that place for the night. Major Scannell informs me that the 
force buried the body of the scout, and lighted a large fire on the 
grave that it might not be noticed by the enemy when the party 
moved on. 

When the famous Winiata, of the Native Contingent, was 
slain at Taupo his body was buried in the bed of a stream for a 
similar reason. 

In H. B, Sterndale’s writings we find a description of ejchuma- 



228 


TranBactiimi, 


tion aa practised in the Caroline Islands, wh(»Te the bones were 
eleaiie<5, painted, and preserved, as among the Maori 

A singular rite, the invoking of the dead, the spirits of dead- 
and-gone ancestors, that they may aid their living descendaritn 
in battle See a description in the “ Journal of the Polynesian 
Society,’’ vol viii, p 217. 

In regard to the popoo, or sacred food, above mentioned, 
we see in Mr Percy Smith’s account of Niue and it^ people 
that the word “ foa ” there means “ an offering to the gods ” 
This IS evidently the original meaning of “ popoa ” 

In the “ Journal of the Polynesian Society,” vol. vii, p 5(), 
is a note from Mr. R. E M. Campbell, in which he mentions 
the grave near Kihikihi, Waikato, wherein “ the bodies were 
buri^ in a circle, the feet toward the ceiitTe ” In the same 
Journal, vol xii, p 209, Mr Por(tv Smith has a note on the 
custom of sacrificing slaves at the building of a fort- (pa) “ In 
the case of a pa, slaves were often buried in a sitting posture, 
embracing the base of the main posts of the palisading Not 
many years since six skeletons were discovered in such position 
at the base of the posts of a large pa near 0-potiki.” 

We have seen that the spirits of the dea-d sometimes afflict 
the living Such complaints are termed ‘‘ mate Hkohko"^ and 
are said to frecjuently result in death. An old man explained to 
me, “ The spirits of dead persons are afflicting such sufferers 
These kehaa control them If the afflicted person survives, he 
will be the medium of tliat [evil] spirit Some people become 
demented when so affected ” Natives say that these spirits 
of the dead are sometimes seen as a flying luminous object at 
night. They move swiftly, but never far above the earth. 
The name “ Itrama-roa ” is applied to this phenomena. “ Tira- 
tm-roa is a (syiirit, a ghost) kehua, a whakahaeha^e, a tureku. It 
IS not a star-name. It looks like a moving torch, and is seen 
moving along the tops of high ranges. It is a spirit of the dead, 
T have seen such at Maunga-pohatu, flitting along the range-top. 
Tunu%-a4eAhx is a kehna. It has a big head, and flies through 
space. It is a sign of death ” 

When the Okarea pa (fort) at Wai-a-tiu fell to Ngati-Awa 
and Tuhoe, the chiefs Te Hauwai and Taha*wai were slain, their 
bodies falling over the cliff into the Wai-a-tiu Stream, a tributary 
of the Whirinaki River. Hence this river was long under iapu. 
In after-years it was Puritia who lifted the tapu and sacrificed 
a slave named Tamure in order to give force to the rite. 

The old custom of inurn is rapidly passing away, but in 
former times it was strictly carried out. It wns applied in many 
ways. For example, should a person meet with some accident 
or other trouble, a party of the tribe would proceed to despoil 
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him and his family of tlmir portable personal property This 
was also done aometimos at the death of a person : his family 
would thus lose tlmir footl, &(• , which would be seized and taken 
bv tlie plundering party, who o’tfn a<’tod ui a very rough 
manner (^olonel (Tudgeon attributes this peculiar custom to 
the communistic mode of life of tiie Maori A man’s life, 
energies, knowledge, Ac , were tribal projiertv pniuanh', and 
his relatives had no right to let him die or be injured. 

Suun DK. 

Te Mauniko, wife of Te Ahuru, shot herself when their son 
Kawana died 

Mautini eommitted suicide by jumping into a pool of boiling 
water at Tikitero, bei'anse lier husband liad deserterl her She 
could not stand the jeers of the people. 

Ridicule was a frequent cause of suicide among the Maori 

N(» difference vas made as to the burial of suicides 

The Maori Hades (Maori Ideas concerntno the Spirit- 

world.) 

No paper on Maori eschatology would be worth notice unless 
it contained some explanation of the Native conception of the 
spirit, or soul, of man, as well as their ideas (mncerniiig the 
spirit - world. Hence some description of these matters here 
follows. Lest, however, thou* briefness clause comment, I may 
state that they are purposely curtailed, and for two reasons. 
In the first place, I have already published many notes on these 
subjects m my paper on “ Spiritual Concepts of the Maori,’ 
and also I propose to leave other matter, not yet published, for 
a paper on “ Maori Religion,” should 1 ever be able to summon 
courage to attempt to describe su(;h an intricate system More- 
over, mothmks this paper is already quite long enough to try 
the patience of the hapless reader. 

As observed, I have already attempted to record the Maori 
conception of the spiritual nature of man. This has been ap- 
proached with no preconceived ideas of primitive religions, 
nor yet with any fanatical leaning towards any religion, primi- 
tive or otherwise. I have no pet theory to bolster up, nor do 
I wish to identify the Maori with the Lost Tribes. I would much 
rather they remain lost. The world can well spare them. Hence 
I hope to compile a truthful, if meagre, account of Maori be* 
liefs. 

The wairm, or spirit, of man was, according to Maori belief, 
equivalent to the of the ancient Egyptians, the shadowy 
self which leaves its physical basis (as in dreams) and wanders 
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afar off But the ka continued to abide m the body after death, 
whereas the Maori wairm leaves the body at death and descends 
to Hades, the underworld, “ Te Po,’' as the Maori terras it. 
Po signifies night , po un ^ darkness , hence, apparently, 
“ the realm of darkness,'’ or oblivion , although other evi* 
deuce seems to support, the idea that the underworld is by no 
means a realm of darkness, and that the dead lead there a life 
very much like life m the upper world This world and this 
life are termed the ** ao mamma " (world of light), as opposed to 
the po, or world of death 

The Maori had neither evolved nor borrowed a belief in a 
soul, or psyche, which is judged after death and punished or 
rewarded as for evil or good deeds committed m this world 
No such distinction exists in the Maori spirit-world. The old- 
time Maori looked forward to no condition of calm peace and 
happiness m the next world, nor to any sensual pleasures. On 
the other hand, however, he was not terrorised by threats of 
raging hell-fires waiting for him, as are wo 

The Maori was ever a firm believer m and practiser of necro- 
latry, pschomancy, physiolatrv, and oneirology. 

If when a person’s wairua s absent from the body it comes 
under the effect of spells of black magic it is destroyed, and 
its physical basis, the body, also perishes. But during such 
rambles it often discovers some danger threatening the body, 
and returns to warn it On awaking from sleep a man might 
say, “ So-and-so is trying to bewitch me, my wairua has warned 
me 

A Maori dislikes to awake a person suddenly, as by shaking 
him. His wairua may be absent on a little jaunt: it is well 
to give it time to re-enter the body. 

Maori religion is essentially polytheistic — very much so. 
And yet we see, m some very ancient and fragmentary tokens 
of a former cult, evidence that at some remote period in the 
history of the race either monotheism or something akm to it 
must have prevailed. I refer to the cult of lo. 

Animistic conceptions teem m Maori myth— -they form its 
most notable feature ; and a very interesting monograph mi^t 
be compiled on this subject. The anirm mundi theory is quite 
Maori. 

The wairm (spirit) of man is an intelligent, a sentient spirit 
It leaves the body at death, and either descends at once to the 
underworld, or remains near its physical basis as a hehua^ or 
spirit-ghost. These ghosts are much feared by the Natives, 
for they can inflict ^evous injuries on the living. 

Nearly all Maori gods may be termed ancestral, thou^ I 
have never heard the term applied to lo— he who iomm ot 
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was the origin or prototype of all other gods. Unless lo comes 
under tliat heading, moral gods are lacking in the Maori pan- 
theon Kongo and others were gods of peace, but their code 
of ethics was scarcely pure. 

An ancestral god would succour and protect his descendants, 
unless they violated some law of ta'pu, when they pumshed the 
erring one with severity. But they were powers for evil ‘ they 
imparted the power to the spells and rites of black magic prac- 
tised by their desi cndants They were also war- gods of great 
ferocity and of a pitiless nature. 

Spirits of the dead were termed “ or “ whakahmhae 

(spirit-ghosts), or “ kikoktko ’’ (man - assailing evil spirit), or 
atm ” (demon) , sometimes merely “ wairua,^' a term applied 
to the spirit of man, whether its physical basis be living or dead 
The Maori has not the elaborate system of spirit nomenclature 
possessed by the old-time Romans, with their “ /ar.” “ lemur,'' 
** larm'' “ maru's,'' and “ 

It has been stated that the spints or souls of the chiefs of the 
Maori are believed to ascend to heaven at death This is not 
an old-time belief among any Maori people 1 wot of, but is doubt- 
less a modern idea, the result of missionary teachings. In the 
words of an old Native of Ngati-Awa * “ Our ancestors never 
said that the spirits of the dead ascended to the heavens. Our 
parent Kangi [the Sky] never said ‘ Let my descendants ascend 
to me ’ But Rangi said unto Papa fthc Earth Mother], ‘ Our 
descendants — treat them kindly, conceal them m many places 
— beyond, seaward, inland, in the re.alm of darkness.’ Friend, 
there were two men of my people, Ngati-Awa, who died Their 
spirits descended to the reinga (spirit - land). ITieir parents 
sent them back to this world. They said that when they ar- 
rived at the rerenga-wmrua they stood on the beach by the 
waterside until the waters receded and exposed a hole m the 
rocks By this wav they descended to the underworld, Thev 
came to a fence which was guarded by several persons, who told 
them not to pass under the fence, but to clamber over it. They 
did so, and went on. They saw great numbers of people, but 
they were all spirits. They at last came to their relatives and 
parents, and all wept together for some time, after which they 
were returned to this world of life, I have told you this to show 
you tliat spirits of the dead do not ascend to the heavens The 
names of those two persons were Kukia and Toihau. They said 
that the spirit- world is a very good sort of place, and not shrouded 
in darkness, but light like unto this world. The spirit-world 
is divided into ten difterent divisions, according to the teachings 
of our ancestors. The spirits of the dead abide in the tenth 
division {Ko te ao tuangahuru te ao nohoanga o nga wairua).'' 
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“ Now, when a Maori dies, hi» wairua (spirit, or )80ul) leaves 
and goes to the rerenga-wairm (spirit’s leaping^ plac/o). On 
arriving at the resting-place on the last ridge (^e taupMUd t 
Haimu) the spirit halts and laments, weeping, t^ie world it is 
leaving It also lacerates itself, in grief, witfi olgiidian, of whi<’h 
there is much Ivmg there When the moun^rng and weeping 
are over, the watnia descends the cliff bv means of the roots which 
are there, to the beach below It goes on, and passes out on t-o 
the rocks Gaping there is the hole bv which the spirit descends 
to tin* reinga The ocean-waters surge upwards through this 
(ihasm, the seaweeds are swirled round bv the waters Then 
the waters recode and leave exposed the abyss Down into this 
the spirit leaps, and finds itself in the spint-wnrld. There the 
sun IS shining, there is no darkn<» 8 s It is just like this world. 
The spmt proceeds onward until it comes to the fen( 5 e. Should 
it pass over the fence, that spirit will return to this world But 
if it passes under the fence it is goiu* for all time, it will never- 
more return to this world. When the spirit reaches those of its 
relatives and is offered food, should it eat of that food it will 
never return to this world 

Here in this narrative we see the spmt-world described as 
a place wliere no darkness prevails, a world lightened by the 
sun This IS the result of persons dreaming of having descended 
to the underworld, as m the case of tlie two persons quoted above 
A person recovering from a trance would be said by the Maori 
to have returned from the spint-w orld In the (‘ase of Toihau, 
above quoted, another autliontv statiKl that he died, and that 
the spirit of an ancestor, one To Nahu, came and led hm spirit 
to the underworld, and also warned him that if he ate of proffered 
food in the spint-world his spirit or soul would be lost for ever, 
and return no more to the world of life. So Toihau refused 
the food offered by the spirits of Hades, hence he (his spirit) 
was returned to this world, the ao niaranut» It was conducted 
back by the spirit of Te Nahu, who drove it forth from Hades 
with scourging Back to this world came Toihau’s spirit, and 
entered his body ; so that, after being dead for three days, Toihau 
of the Cliildren of Awa rose from the dead and lived again. 
This was evidently a case of trance 

The wife ot Te Puke-niii was carried off by spirits, say the 
local Natives, and she saw the spirits of all the dead-and*gone 
people ere she returned here. Tliis was evidently a case of 
dreaming. 

Another case, quoted locally, is that of a woman who died, 
after which her husband married agam. Then the spirit of the 
dead wife appeared and carried off the living wife, and had nearly 
succeeded m slaying her when rescued by her husband. But 
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enough of these childish tales : they are most numerous among 
the Natives 

i have no notes as eoncermng the names of the different 
divisions ol the reitigay or spirit- world The following extract 
IS from “ NgH Moteatea,’' p. 419 

I Hoinga tuania 
're whare i a Mini 
Ko to otin/i^a atii o t-o wai nm 
Kei wheau ki to tK> 

(The second reinga, the abixle of Miiu. where for ever disappears 
the soul, lost it rise again to this world.) 

The usual term applied to the spirit-world is “ te retiufay^ 
literally “ the leaping-plaee." Strictly speaking this is the name 
of tin* (leparting-place of spirits for the underworld, the entrance 
thereof. This eiitran(‘,e is often termed “ ie reretufa umrua ” 
(the spirit’s leaping-placc). It is situated at the north-western 
extremity of the North Island of New Zealand The spirits of 
all Natives who die m these isles are said to pass along the ranges 
until they reach the above place, whence they pass down to the 
underworld as described ft is said that Natives residing in 
the northern peninsula often see the spirits of the dead wending 
their way to the rereiu/a watrm^ and that they know which are 
spirits of chiefs and those of common people The spirits of 
chiefs always go on one side of food-stores, so as to avoid them, 
while those of plebeians pass underneath such stores. 

Throughout Polynesia these departing- places of spirits of the 
dead are situated on the western or north-western side of 
each island or group of islands. As we have seen, the spirits 
of the dead are supposed to return to Hawaiki, the fatherland 
of the race, which lies far to the west of Polynesia. This seems 
to discredit the Native belief in the underworld of spirits, but 
still both beliefs obtain among the Maori. Probably the under- 
world is the most ancient of these beliefs, while the idea of the 
dead returning to Hawaiki is a sentimental growth of later 
times, since the arrival of the race in the many-isled sea. 

No information can be obtained from the Maori to show any 
ancient belief in different realms set apart for the souls of good 
and evil iwsons when death has claimed the body. In vol. ii 
of the Monthly Renew (Wellington, 1890), in an article by 
B. H. Gibson on “ Mourning Customs,” occur these words . “ It 
is clear that the Hebrew people maintained for many centuries 
the belief that the abode of the dead lay beneath the surface 
of the earth, and beneath the bottom of the sea ; that it was 
a land of darkness and of shade like death itself ; a laud of de- 
struction and of confusion ; a land of no action and of no know- 
ledge, where existed alike the evil and the good,” Ac. Here we 
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have the old-time Maori conception of the reituja. or po, a gloomy 
underworld. At the time spoken of m the above quotation 
the Hebrews do not appear to have yet evolved, or borrowed, 
the idea of resurrection of the dead. 

The Maori idea seems to have been that the dead met and 
abode with their kmdred m the underworld, where they lived on 
sweet-potatoes, fish, &c , but that there was no fighting there 
It was probably the lack of anv belief m the judgment of the 
soul, resurrection, punishment, &c , that (caused the Maori tu 
die without fear of the spirit-world, or the second life therein 
However, we have now provided him with a somewhat warmer 
underworld Let us hope that he will enjoy it 

The Maori does not apjiear to have ever had much interest 
in his spirit-world, hence the description of it, even though 
given by old men, is vague and unsatisfactory to the ethnographer. 
Some say that spirits pass a certain time in e.ach of the ten 
divisions of the underworld, until they reach the tenth Some 
spirits are said to return to this world, the upper world, in the 
form of moths 

The name “ mon-a^puku^'^ or “ mona-nwiw,’’ is sometimes 
apphed to the retnga, or the entrance thereto : — 

Me niku ware an te reinga tupapaku 
Kei whakamau kan ki Morianukii. 

“ The taurmta t Haumu"' says a Native friend, “ is the ridge 
where the spirit leaves its clothing, and so descends naked to the 
rexngay jumps into the ocean, and henceforward lives as a spirit. 

Kiikulua, o tania ’ Nga rirau e raawo 
I raro o Haiimu 

“ Te mnu k% motxiu ” signifies the seaweed through which the 
spirit passes m its descent. It often appears in Native songs : — 
Ka rerc whakaaita ki to remga 
Te rirau ki rnotau— ©. 

There are two other expressions applied to the entrance to 
the underworld, but which appear only m songs, I believe. These 
are “ pt4a reinga'' and '' tawa muiu.'* I have never obtained 
any satisfactory explanation of these expressions from New 
Zealand Natives, but Mr Percy Smith has traced them both to 
Borotonga . “ At the retnga ivairm at Rarotonga, near the west 
end of the island, is the place whore departed spirits go to join 
the great majority. There grows a 'pw tree, a species of (?ar- 
denia, and into its branches the spirits on their w&y to Miru climb. 
Those who climb on the rara mala, or live branches, return to 
life— t.e., they were only in a swoon, not dead. Those who 
climb on the rara mate, or dead branches, fall off into the clutches 
of Miru (called there Muru), and die for ever in the clutches of 
Mum and Akaanga.’’ 
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In regard to the tawa vnytu, as in the case of the pua revnga, 
the explanation corneB froni Rarotonga. Tawa (“ tarn ” m 
Harotongan) is the gulf or abywH below the pm tree into which 
tlie spirits of the dead deseond “ f(ua mate to [tho] ra a Km- 
o)w, kua acre [Jut ere] afu in tona mirua [wairua]^ la kxile i te 
pua; ko te rere ra t tain [toaj” (“When Kni-ono died his 
spirit left him and went and ascended the pm, whence it leaped 
into tawa 

Here we have the origin of these two terms, preserved in song 
by the Maori of Nc^w Zfjaland for centuries Tawa is known to 
the Maori as the tuwa mutn, or last chasm 
Kh tiiku tenet an ki te reinga 
Ki tti tawa mutu 

The explanation given by Paitim, of Tuhoe, is the nearest 
one to being correct that I have obtained locally He said, 
“ Tho tawa mutu is connected with the nmu k% motau at the 
temga. It means the end of the spirit’s journey.” 

Kia tukU’jKttotia to tinana 
"I'o pua reinga ki taku matua 

And from another song, — 

Hooti taku tatan ki te ope taua 
I a to rama 

Kia wawo taku iti to ina to pua reinga 
Kj taku matua 
Kai noho au i te ao 
Whakaraukotetia o to ngutu. 

Again,— 

Ka rumaki au ki te pua ki te remga. 

As also, — 

K ncho ana i to ao marama 
Te Tumakina aJ ki te pua ki to reinga 
Ki oku hoa ka wehe i rau rangi. 

And lastly, — 

Poke ana au i te tamgarni o Kanapanapa [a cavoe] 

Hai kawo i a au te pua ki to rmnga. 

All these are extracts from local songs, laments, &c. 

Another expression sometimes noted is that of ” te tatau-o- 
te-po,^' or door of Hades — the gates of death.'*' One Apatari 
IS said to be the keeper of the door or entrance to the reinga. 
Mini 18 said to be the ruler of the po, or world of darkness, the 
spirit-world.f It is singular that two names are given to the 
underworld — ^the po and the reinga \ as also two rulers of the 
realm of spirits — Miru and Hine-nui-te-Po. Possibly there is 
some distinction between them— perhaps two spirit-worlds. We 

♦ “ Journal of the Polynesian Society,” vol. vii, p. 56 
t ” Journal of the Polynesian Society,” vol v, p. 116. 
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have seen that there are ten divisions of the reinga, or underworld, 
and in like manner there are ten different heavens 

“ Paerau ” is vet another name that is applied apparently 
to the spirit- world It may be one of the divisions of the under- 
world, or perhaps the name of some land where the ancestors 
of the Maori dwelt in the days of the long ajjo, and m now con- 
fused, as IS Hawaiki, with the spint-world We have seen that 
“Go to Paerau “Go to Hawaiki ’ ar<‘ expressions often 
used towards the dead m funeral speeches 

lhat species of lizard known as a kuweau (probably the same 
as the ktteo) is a creattire of evil omen Should you see fresh 
signs of it in your house, or on a path vou are travelling over, 
vou may prepare to start for tin* underworld without delay 
For that reptile was sent by your dead -and -gone relatives as a 
sign for you to 30m them m the reinga or spint-land. 

We were camped at Te Whaiti-mii-a-Toi Our cook, a 
Native woman, got up one morning and prm.eeded to the mess- 
tent to prepare breakfast. There she saw fresh signs of the 
dreaded haweau She was taken ill and went to Rotorua, where 
she was treated by various Natives, nnqa-iu ruffians of the 
shamamstic type She said, “ (Wsc your efforts, for 1 am going 
to die You cannot cure me “ And they could not ; but a white 
doctor could, and did, to the old lady’s great amazement. 

The same old lady once said to me, “ I am inclined to believe 
that old persons who die regain their youth m the reinga Be- 
cause I went to the reinga last night- [1 c., she had a dream] and 
I saw Kinwera (an old woman recently dead], and she appeared 
quite young and nice- looking ” 

When a Native says t-hat he was at the reinga he means that 
he has been dreaming An old man said to me, “ I was at the 

reinga last mght and saw my old friend , who has Jong 

been dead. 1 could tell from Ins appearance and actions that 
it will be a fine dav to-morrow ” 

Again, “ Kai te reinga hoe e whaharongo ake ana ; na, ka 
whakaororm mat tetahi mm e hamru ana, a ka oho ahe hoe i 
te moe'' (“You are at the rev/ufa listening. You hear a 
distant noise resounding, then you wake up.”) 

The expression “ awhi-remga ” means “ to embrace m the 
spirit-world,” as when a man dreams of meeting his dead wife 
"^e term ” manko ” or “ po-rmriko ” appears to have some 
similar meaning, but it is not clear to me. 

When a defeated war-party returned home there was a 
iangihamja on the village plaza, weeping and lamentation for the 
dead. After which, a party of the village people of both sexes, 
dressed in their oldest and most repulsive garments, would appear 
before the defeated warriors and perform that sort of haka (pos- 



Bkht — Mdoi't Esch/itolog?^, 


237 


ture dance) known as manmm tvera (seared heart), or whakatea 
The performers indulge in much grimacing at the survivors, 
with other tokens of contempt, vexation, and indignation, on 
account of those slam The following is a specimen of the 
words of the haka * — 

To kotintin, to kotaratara 
O tai, o huki, o hojH>— o 
Whakatitalia rawa to uaha o to kupenga 
Kia tain 
A -ha-ha t 

Hoki mai, hoki mat — o 

ICia kawoa koe ki tera whonua, 

Ki ora taiigata 
Nana i ki mai 
Uhl, uhi — o 
A-ha-ha ! 

In regard to the Maui myths, one of which — that relating to 
the mythical origin of death — we have already given There 
can be no doubt but that the date at which this popular hero 
flourished must be placed much further back than that usually 
allotted to him by the Maori— about thirty-five generations 
—that 18 , if there ever was such a person. Max Muller held 
that Maui was a persomfication of the sun. If so, then his 
contest with Hme-uui-te-Po resolves itself into a struggle for 
mastery between Light and Darkness, between Life and Death. 
The sun entered the womb of Night to obtain life eternal. 

Now, observe, in a paper by Mr, Tregear on “ Asiatic Gods 
in the Pacific,”^ speakmg of the ancient Egyptians, he says, 
“ One of their gods was Mouif . and this Moui had also 

the name of Ao, which we have seen is the Maori word for 
* dayhght,^ ’* &c. But turning to page 66 of the saine volume 
we find that is a Polynesian word (Niue dialect) mean- 

ing ** life, living,” and evidently connected with New Zealand 
“mam” and “mom”* “seat of life.” In volume ii of the 
same journal, page 77, we see that Taranga, parent of Maui 
among New Zealand Natives, is in the Hawaiian isles the name 
of Paradise, or Eden, home of the first parents. Hence “Maui” 
may be, or originally have been, a synonym for or personifica- 
tion of life or eternal life, which strove with the personification 
of death (Hine-nui-te-Po) for mastery. 

In the Rarotongan genealogy given at page 48, “ Journal of 
Polyneaian Society,” volume viii, we see Maui given a place 
seventy-two generations back from the present time 

In some Polyneaian myths Maui is said to have married 


♦ “Journal of th© Polynesian Society,*' vol. ii, pp. 189-140. 
f The letters “ o ” and “ ti ** are mterchangeablo in the Polynesian 
dialeoti, as imu » mm and pou pau. 



238 


Trangaettong, 


Hina, the Moon Goddess ; in others Hina was his sister. Maui’s 
full name was Mauitikitiki In Tahitian folk lore Hma marries 
Ti‘i (Maori “Tiki”) the first man, who ruthlessly slew people, 
while Hma resuscitated them.'*' 

It appears highly probable that the story of Maui is a very 
ancient myth of a contest between Life and Death, evolved by a 
primitive people m times hmg past away ; that it has been moved 
down the changing centuries by oral tradition, and the hero 
thereof locahsed in many lands 

We have seen that the world of death is termed the po This 
expression is also applied to the period when the urn verse was 
in a state of chaos and darkness, before the appearance of man. 
In lengthy genealogies of an anthropogenic nature we observe 
more or less names which are said by the Natives to belong to the 
po, or period before man appeared, after winch came the names 
of human beings For instance, Tiki was of the po, not a person 
of this world. He married Ea, who was the first woman of the 
ao marama^ or world of light — te, of this world They had 
Kurawaka, who married Tane and so produced the genus homo. 
It is said that residents of the northern extremity of New 
Zealand often see the spirits of the dead passing northwards 
on their way to the rerenga wairm, or departing-place of spirits. 
They recognise the spirits of persons who were slain in battle 
by their being covered with bloodstains. Also that houses ifi 
those parts are built facing east or west, so that spirits wending 
their way northwards will not enter by the door. 

In regard to the name of Ea * Tins is the name of the king 
of the underworld m Babyloman mythology His son was 
Merodach, who, with the goddess Arum, was the creator of all 
existing things. Ea was also god of reproduction and of canals, 
but appeared under different names in his various functions, 
like unto Tane of the Maori. f 

When wending my way homewards one day last week I met 
an old Native woman, who saluted me with “ Tena koe/ Te 
maUi 0 Te Vnupo.^' By which she probably meant that the sight 
of me recalled to her the memory of her friend Te Unupo, who 
died some months ago, and who was a frequent visitor at my 
camp. “ Mata ” means “the face” and also “eye.” 

In Humboldt’s account of his travels on the Orinoco he 
mentions a burial-cave of the Natives which he visited, and in 
which the exhumed bones of the tribe were deposited “ The 
Indians related to us that the corpse is first placed in the humid 
earth, that the flesh may be consumed by degrees. Some months 

* Journal of the Polynesian Sooiety,” vol. x, p. 62. 
t “ The Religious Ideas of the Babylonians, ” by T. G. Hnches. 
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after it is taken out, and the flesh that remains on the bones is 
scraped off.” Many of the bones, he states, were painted red. 
This amiable Teuton was careful to rifle the cave tomb and carry 
off a mule-load of the human remains it contained. 

It 18 with regret that 1 now bring this paper to a close and lay 
aside my pen, inasmuch as the article goes forward in very in- 
complete state. I have many notes on the subject wh oh remam 
to be written up, but have not been able to obtain the assistance 
of any of the few men of knowledge left to verify and explain 
such Items. They must be forwarded at some future time. 
“ KaJti ie tangi ; apopo tatou ka tcmgi ano.^^ 

We have now at various times and in divers journals ushered 
the Maori into the world, and noted the quaint r tes pertainmg 
to reproduction We have told of his ori^, his religion, his 
myths and folk-lore. We have described his food-supplies, 
his amusements, his arts, and supcrstit ons. His woodcraft 
and war-customs, his mentality and ideality, have been reviewed. 
We have married hmi, and watched him m his last hours We 
have despatched his soul to the underworld, and cried him fare- 
well to the dim shores of Hawaiki And I do not think that we 
can do much more for him. Nothing remains save the mate- 
mate-a-one. 


Art. XKVl.—Addtttonal Notes on the Earthvorms of the 
North Island of New Zealand. 

By W. B. Benham, D.Sc., M.A., F.Z.S., Professor of Biology 
in the University of Otago. 

[Head before the Otago ImtitutCj 10 th October^ 1006 .] 

Flat© XL. 

During the last twelve months I have received a few additional 
gatherings of earthworms from the North Island, for which I 
have to thank my correspondents, Messrs. Elsdon Best, H. Suter, 
and 0. Cooper No new area has been tapped, though I hope to 
obtain worms from the southern part of the Island next year. 
I find amongst them three new species, two of which belong 
to the genera Tofea, and RhododrUus^ to which the common 
native worms of this portion of the colony belong ; a third boloiijsjs 
to a genus (Dinodrilus) the only other species of which has been 
obtained from the South Island. 

1. Tokea sapida, Benham, P.Z.S., 1904 (ii), p. 246. 

Of these species I only possessed a single individual at the 
time I wrote the account of its structure. I am now able to 
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amplify that account. Seven individuals were received from 
Mr. Best. 

Colour . — Alive it is dark-browu; preserved in formol, pur* 
plish^red Some are marbled with paler streaks and patches 
towards the hinder end. 

Ditnemions — The specimens range from 135 mm. by 6inm 
up to 290 mm. by 9 mm A medium-sized individual contains 
192 segments , the largest, 210 segments. 

The dttdluWi which was not fully developed in the type, 
covers segments (13) 14-18 (19) — that is. the dorsal surface of 
either or both the 13th and 19th may be glandular, but the seg- 
ments are separated by a furrow from the ri^st of the organ. It 
completely surrounds the body, except on the ventral surface of 
segment 18, where a transverse depression surrounded by a ridge 
extends from ch©ta h to h. In the type this ridge has, by con* 
traction of the body, closed over the depression 

There are no other iuhercula j)uhert(Uis. 

The prostates are larger than in the type, which was not fullv 
mature ; they extend back to the 26th segment. The duct is 
short, narrow, curved, and confined to the 18th segment. 

Loo. — Ruatoki ; some twenty miles inland, in the County of 
Whakatane Mr. Best writes “ The worms were obtained in 
the foothills, where the soil is principally volcanic — pumice, 
with a covering of humus, and a few beds of clay.” 

2. Tokea maorica, Benham, P Z S , 19(>4 (ii), p. 252, 

Under this title I have confused two species, which are 
evidently (dosely allied, but which I believe are distinct. The 
account and figures of the external features were taken from a 
small species, which should, I suppose, retain this name ; whereas 
the internal anatomy was stuebed on a larger species, to which 
a new name must be given 

I drew attention to the fa<!t that there was a considerable 
range in size, in contrast to the constant number of segments. 
But I now find that the smaller ones possess two tuberoula 
pubertaiis, the larger ones only that in segment 18. 

The characters of T. 'inaorica, thus amended, are as follows 

Odour . — Very dark purplish-brown, extending far down the 
sides of the body and along the whole length. 

IHmmsions. — 25-35 mm by 2 mm, ; or, in soft, ill preserved 
specimens, 50 mm. 

The chmtal formula is ab^aa , hc^cd > ab ; dd^2ab. 

The dkeUum occupies segments (13) 14-17, complete. 

There are two median tubefovlu puberUUis^ having the dis- 
position shown in text-figure 80 {loc oit.). 

The spermathecal pores are in segments 7/8 (not, as is stated 
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on p. 254, by a slip of the pen, 8/9), about midway between the 
cheBtte a and the hinder border of the segment 

Internal Analomy.- The last heart is in the 12th segment. 

The gizzard, in segment 5 There are no oesophageal glands 

The prostates reach into segment 24 ; the duct is long, 
narrow, ciurved in a sigmoid fashion (? due to contraction of the 
worm), and oix upies two segments. 

The spermatheca is an ovoid sac, with a duct of about half 
its diameter and length. Tlie pyriform diverticulum opens into 
the duct about half-w^ay along its course. 

hoc , — Auckland Nikau Palm Bush , Waitakeroi (// Sijiter ) . 
also “ from the sheaths of nikau and Astdia leaves. Auckland 
{(]. Coojm) 

3 Tokea decipiens, u sp. 

Tins name I propose for larger, paler, brown worms with 
only a single tuberimlum pubertat4s, of which 1 have some half- 
dozen specimoiis 

Dimensions, — 55-75 mm. by 2 mm., with 75-90 segments. 

The chmial formula is apparently ah < he < cd ; aa ^bc ; 
dd^^ab I write “apparently,” for the body- wall is soft and 
therefore extensible, and the measurements made on different 
individuals do not give precisely the same figures. 

The clUellum covers segments (13) 14-17 (18)— -that is, in one 
or two individuals the dorsal surfai'e of part of the 13th and 
18th segments are glandular. 

The genital pores as in the previous species, but there is only 
a single tuberculum pubertatis, on the 18th segment : none of 
these larger worms present any trace of one on the 14th segment 

The spermathecd pores, near the hinder margins of segments 
7/8, behind the (jhastae a. 

Internal anatomy as described in loc. at. 

Loc , — Waitakeroi Bush, near Auckland (H. Saier) 

4. Rhododrilus besti, Benham, P.Z.8., 1904 (ii), p. 235 

The specimen from which this account was written was the 
sole individual in my possession at the time ; since then I have 
received half a dozen worms that fit closely with that account. 

Odour. — Mr. Best writes : “ Light-coloured worms with 
reddish band [i.e., clitellum] near head.” When preserved the 
worms are wmte and the clitellum is yellow-brown to reddish- 
brown. 

Dimensions. — They range in size from 110 mm. by 4 mm. 
to, 280 mm, by 5 mm. ; the former with 182, the latter with 226, 
segments. 

The chedal formula is abmed<hc;aa^bc^ IJoi ; dd^ 
about 3ii6. 
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The dvtdlum is usually on segments 14-17, though occasion- 
ally half 13 and half 18 may be glandular. 

The tuherculu pubertatis are not always so numerous as m 
the type thus, in addition to a pregenital pair on segment 12 
(or, as in type, on segment 11), I find three individuals with 
pairs on the hinder margin of segments 20, 21 ; two with them 
on 20, 21, and 22 ; one with them on 20, 21, 22, and 23 ; one 
with only a single pair on 20 ; while the type has them on seg- 
ments 19, 20, 21, and 22. It is well known that these tubercles 
are somewhat variable, and it is not quite certa n that degree 
of maturity is necessarily correlated with the number of tubercles, 
for m two of the above instances three or four pairs are present 
in worms in which the clitellum is not at its maximum of de- 
velopment. 

I felt inclined to differentiate these new individuals from 
the tyqie owing to the difference m the position of the pregenital 
tubercles, but I can detect no other important distinction. 

Loc . — Ruatoki {E. Best) 

5 Rhododrilus simiUs, n sp. 

In general appearance this worm might readily be mistaken, 
at least m the preserved condition, for R, bestir from wh ch, 
however, it presents certain well-marked differences. I reoeivejl 
about twenty specimens. 

Colour — White, with pale yellow-brown clitellum. 

Dimensions — Mature worms measure from 140-165 mm. by 
5 mm.. With about 200 segments, which, with the exception of 
the first six or seven, are annulated, whereas in R, hesti the 
annulation commences on the 5th segment. 

Chmtfe . — In the midbody ab ~ be = cd, approximately (but 
just behind the clitellum be is about 2ab) ; m > be; and dd » 
^ab. 

As is usual in the genus, the two chestae a, b begin to approach 
one another at about the 25th segment, so that in the region of 
the male pores the c.ouple are quite close together, but they 
separate again anteriorly 

The clitellum, (half 13) 14-17, is complete only across 14. 

Oenital Pores, dtc — The male pores, in line with ab, are on 
slight papillae 

The tubercula pubertatis have rather an unusual appearance : 
each is a transverse group or scries of glands, visible under a 
dissecting-lens as a series of translucent dots set on a slightly 
raised ridge. These tubercula are in the following groups 

(1 ) A pair on the intersegmental furrow 10/11, ya line 
with ab. 
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(2.) Two transverse series, 14/15, 15/16, extending from the 
lino a to a 

(3 ) Two to four posi - clitollar transverse intersegment al 
senes, 19/20, 20/21, 21/22, 22/23 

Of these the most anterior extends from 6-5, the last from a- a 

Of the seven mature individuals examined, one specimen 
alone had four post-clitellar tubori'les, three had three, and three 
had only two tiibercli^s 

There is a single pair of spermatkem/ pore^ nearly in line 6, 
between segments 8/9. 

Interna! Anatomy . — The last heart is in segment 12 

Tlie gizzard is in segment 5 The intestine eommem es in 
the 16th There are no oesophageal glands. 

The sperm-sacs are, as usual, m segments 11/12. 

The prostates extend along the sides of the body to segment 
21 or 22, being sharply undulating m the last two segments. 
The duct 18 very narrow, quite short and straight. 

The penial chaette (and the sacs containing them) are very 
short, and confined to the 17th segment The chocteo measure 
only 2 mm., which is a great contrast to the length of 6 mm. 
attained by them in R, hesti Each chaeta is simply curved, 
ending in an apparently flexible recurved tip. The shaft for some 
distance below the tip is “ ornamented in a very characteristic, 
fashion ; under a low power it appears serrated along each edge, 
but under a higher power it is seen to be pitted all round. The 
pits are oblique, with openings distally directed, leaving distally 
directed proximal edges. 

The spormatheca, m segment 9, egnsists of a short ovoid sac 
lying on the outer side, and a long cylindrical portion, curved 
in a semicircle, towards the median line. 

ikw.—- Ruatoki {E. BeM). 

6. Dinodrilus suteri, n. sp. 

Of this interesting worm three individuals were sent to me 
by Mr. Suter. 

Colour . — Uniform dark purplish-brown (in alcohol), 

Dimemions — The largest is 40 mm. by 2 mm., with 110 
segments 

The ffostoimurn is half epilobic, without a transverse furrow. 

CAflBfCB.— The |)eculiarity of this gem^is is, of course, the posses- 
sion of twelve oheetee in each segment ; these are almost equi- 
distant, and their arrangement oiSers slightly from that given 
for D. bmhami : be ^ ^ ^de ^ ef ; ob < 6c < on ; oa « 1 \ah : 
ef^idb. 

ClMBum. — Unfortunately the worms are immature, and 
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present no trace of a chtellinn, but the ventral surface of seg- 
ments 17-19 IS rather pa^er than elsewhere. 

Spermaiheoaf Pores —Two pairs, 7/8, 8/9 

Dorsal pores commence at 10/11 

Internal Anufom^ —The dorsal vessel is double, umtiiig at 
the septa They are not enclosed in a common perivascular 
tube such as Beddard described for D benhamt 

The last heart is in segment 13 

There is a small gizzard in segment 5 (Esophageal glands 
are in 1(5/17, and the intestine begms in the 18th segment 

There s but a single pair of testes visible in sections, and 
these li^ 111 segment 10 , but in addition to the sperm-funnels in 
this segment there is a second and verv minute pair in the 11th 
segment, rather larger than a nephndial funnel. It is possible 
that the absence of the testes m this segment is due fo imma- 
turity 

No Bperm-sacs are developed 

The two pairs of prostates are, of course, qmte small, in seg- 
ments 17/19 

The two pairs of spermatheca* are m segments 8/9. Each is 
a subspherical sac, with a small pyriform diverticulum opening 
into the duct, close to the bod v- wall 

fjoc —Swanson, about fift-eim miles from Auckland, in rotten 
logs. 

Remarks — The only previous record of this genus is the 
account given by Beddard,* m 1888, of D benhami, which 
was obtained near Lake Brunner, m Westland. This new 
species differs from it m its much smaller size, in position of the 
gizzard, the absence of the second pairs of testes, and form of 
the spermathocne. 


EXPLANATION OF PLATE XL. 

The iHustrations of Ihe external anatomy of tho earthworms doscribed 
in this article are purely diagramiiiatic, indicating only the segmental 
position of file various organs, the worm being 8uppo«ed to be slit up along 
the dorsal line and tho body -wall pinned aaide 

The loi'ation of the vanonn genital pores ih represented as round black 
dots (if on a papilla this is left white), the clitellum is obliquely shaded, 
the tubercula pubertatis are vertically ahaded. 

In addition, the arrangement- of the chaaftss — labelled a, h, c, d— -is 
indicated m segments 6 to 23 on one side ; they are omitted on the othei 
side for clearness’ sake. Tho true relative spacing of the chflBtaB is shown. 

No attempt i« made to give the relative sizes of the worms or of the 
various organs. 


• Quart. Jourri. Mici 8ci., xxix, p. 105. 
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Fig I Tokea vuwrtm 

Pig. i Tokea de^tpiem 

Fig 3 Kfuxiodnfm stmtim 

Fig 4 Jihododrtlm Mimilxh Ventral vieu of the segments U) 21, ahow- 
mg the fhai actor of the tuU^n'iila pnf>ertatiH as seen under a 
diii8e<’tingdens 

Fig 5 Hh. stymh& The end of a ]>enial (. ha‘ta , x 480 

Fig 0* The same, much enlarged, showing the pit tings on the surface 

Fig 7 Mh St mills A speriiiatheea. d, divert unduin 

Fig 8. Tokm imionca 8j>ermathwa 

Fig 9 T rmiortm Proximal end of the prostate, showing relative 8 i 7 .e 
of the duct 

Fig 10 Ihnodrdns sutert A sperinatheca 


Art XXVTl —On a Large Pieroirat^JuBid from the Pcuific Ocean 

By W B Bknham, M.A., F Z S , Professor of 

Biology in the Umvorsitv of Otago. 

[Head he/ oft the (Hugo JnsttitUty lOth Ociohtr^ 1905 | 

Plate XUIl, 

Hitherto onl\ a single spwiies of the pelagic group of Gas- 
tropods, the Heteropoda, has been recorded from the seas that 
wash our coasts This is Cannana amtralxs,^ Q. aiul G , which 
was obtained in 1827, during the voyage of the “Astrolabe,” 
between Australia and New Zealand We mav now add Ftro/a 
(Pierotrachea) coronMa, Forsklil, to our marine fauna 

The specimen upon which this identification rests was washed 
ashore during January, 19()5, at Long Beach, a few miles north 
of the Otago Harbour Luckily for j50olog}% it was observed 
Iving on the sandy shore and secured by Mr W. Pels, of Dunedin, 
who transmitted it to me at the Museum. Unfortunately, it 
hod been somewliat damaged by the tossing of the surf and 
by rolling on the sandy beach ; thus the epidermis and under- 
lying tissue was in great part rubbed off. The posterior end 
(metapodium) had been broken away behind the visceral hum]) 
The visceral mass itself was a good deal damaged— only three 
or four gill- filaments remained of the gill — and part of the male 
copulatory organ was broken away. The ventral fin (or meso- 
podium) IS also a good deal damaged, at least half of it being 
absent; but I believe that so much as remains suffices to 
establish the specific, identity with F. coronata. 

An examination of the literature available showed me that 
the specimen is much larger than the majority of species of 
Pteroiraokea {Firola), though P. adamasfor, Lesson, from the 


* Quoy and Oaimard, Voy. de TAstrolabe, vol. ii. p. 394. 
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Cape of Good Hope, attains a lengtli of 15 in * But this species 
differs from mine m tlie proportions of the parts 

The “ Report of the ‘ ( -hallenger ’ ” Heteropods did not enable 
me to carry the matter further , but my friend Mr Charles 
Iledley, of the Australian Museum, to whom T applied for in- 
formation on the matter, most kindlv loaned me his copy of 
Vayssiere’s “ Mollusques Heteropodes From a comparison 
of the account and figures of F. coronata contained therein f 
think there is little doubt but that the present specimen is either 
that or a closely allied species Mv only reason for doubt is 
a small difference m the detailed structure of the median teeth 
of the radula Vayssi^re remarks (p .*17) that the form of the 
median teeth constitutes the most reliable character for dis- 
tinguishing the different species of the genus But, in spite 
of the small difference to which I refer, I refrain, m the absence 
of an entire specimen, from creating a new species 

In the Mediterranean specimens of F coronata the median 
denticle of the median tooth of the radula is trifid ; in the 
Pacific specimen this denticle is, throughout the radula, smgle- 
pointed (see Plate XLlll, fig 2) I note the same asymmetry 
of the smaller denticulations as he figures (pi iii, fig. 36), 
though these are rather fewer in number than he gives ; and 
in all other respects — sucli as shape, proportions of median 
tooth and of its denticulated area -this tooth agrees with 
Vayssi^re’s account and figures, as do the other teeth. 

There are twenty-one or twenty- two rows of teeth (Vayssi^re 
gives twenty- three). Possibly the tip of the radula was torn 
in my specimen, as the buccal mass was ruptured, and pro- 
truded from the head, and probably for this reason T was 
unable to find the “ palatal chitmous booklets ” which Vays- 
si6re describes Although there are no “ thorn-hke ” pro- 
cesses remaining on the body, as in F coronata^ yet they persist 
on the head, where there are two parallel rows of four, as de- 
scribed for that species, and below the gills. 

The following measurements werfc taken shortly after the 
animal had been placed in formalin. 

Body — Total length, probably 320 ram. ; length from pre- 
ocular “tliorns” to broken surface of visceral hump, 230 mm. ; 
vertical diameter about inulway between ventral fin and base 
of snout, 30 mm ; circumference of ditto, 90 mm. , distance 
from base of fin to base of snout, 100 mm. ; distance from 
base of fin to level of genital pore, ^ mm. 

♦ Voy. do Oiqoille, p. 249, pi ui, fig 1 . 

t Vayssit^e, Moll. Heieropodofl, 1904 (pt 26 of ** hm RoBultata dm 
CampaignoB SciontifiquoB, par Albert ler. IVmoe Houveraino do Monaco’*). 
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Snout , — Length from preocular “thorns*’ to mouth, 110mm. ; 
diamet/cr at base, 20 mm. , diameter just abovt? buccal swelling, 
10 mm 

VeMral Fin , — Length of base, 45 mm 

A oompariBon of proportionate sizes in my specimen and that 
figured by Vayssi^re, wluch measures 260 mm., shows a close 
agreement. In the Pacific specimen the length of the snout 
18 contained two and a half tunes in the distance from proocular 
thorns to genital fin, and in the Mediterranean specimen twice. 
In the Pacific specimen the base of sucker is contained twice 
in distance between it and snout, and in the Mediterranean 
specimen twice In the Pacific specimen the snout- diameter 
to length IB one-fifth, and in the Mediterranean specimen 
one-fourth 

Since these proportions agree pretty well, we may estimate 
the total length of the uninjured specimen Vayssiere states 
that the distance from the visceral hump to the tip of the 
“ tail ” (rnetapodium) is about twice the length of the fin- 
base. Applying this to our specimen we should add 2 x 45 
90 mrn. to the above figure of 230 mm , giving a total length 
of 320 mm. In the same way we may estimate the size of 
the uninjured fin. Vay8Bi6re*s figure shows the length to be 
rather more than twice the base-length, and lieight one and a 
half times the base- length. 8o that the fin in our specimen 
was probably about 90 mm. in length (!.?•., a quarter of the 
total length of the bmiy), and 67 mm. m height. 

I have been unable to find any statistics as to the size of 
the different species of Firola (Pterotrachea ) ; neither m Bronn’s 
“ Thierreiohs ” nor in the “ Cambridge Natural History *’ do 
any data exist. The “ ‘ Challenger * Report *’ gives only a list 
of hitherto^described species, without details ; and, as I have 
remarked above, the only species to a description of which 
I can refer that approaches this one in size is P. adatmstor^ with 
its 15 in., which measurement includes the length of the snout. 

As figures of the genus are not readily accessible in ordinary 
text-booK», I have deemed it advisable to give an outline of 
my specimen, but with the missing portions represented in 
dotted outhne, copied from VayssiAro. 1 hope that people in- 
terested in natural history will keep a look-out for this and 
other unusual marine animals, and forward them, preserved in 
formol, to me at the Otago University Museum. Formol is 
obtainable at any chemist’s, and should be used in a diluted 
condition, by adding ten volumes of water to one volume of 
formol. Animals placed in a bottle filled with tliis fluid, care- 
fully corked, and packed m a small wooden box, or m shavings, 
&c., and properly wrapped up, can be sent for a few pence by 
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i^ample post. Each such sending should be accompanied by the 
name and address of finder, and the locality at which the speci- 
men was obtained 

EXPIANATION OF PLATE XLIII 
Fig 1 Outline of a damaged speoimen of a male Firda coromta , x 4 
the missmg partK added from VaysHK^Te’s drawing, m a broken 
line 

Fig 2 A median tooili of the radula , x W) 

Fig a The base of the snout, viewed iroin in Iron!, showing the eight 
preocular “ thorns *’ anus, /, ventral fin; genital jiore , 
r«, mouth ; v, visceral hump 


Art. XXVIll. — An Account of some Karthtimms from lAttie 
Earner Island. 

By W B. Benham, D.8c , M A , F.Z.8 , Professor of Bio)og\' 
in the UniverBity of Otago. 

[Read he fare the Otdtgo InsMuie, lOth October, 1905 .] 

Plates XLI and XLII. 

Binge the discovery that the earthworms inhabiting the North 
Island are so different from those of the South Island, I have^ 
endeavoured to obtain material from outlying islands, and I 
was successful in interesting Mr. Robert Shakespear m the 
matter. To him I owe the specimens with which this paper 
18 concerned, and to him I beg to tender my thanks. 

Little Barrier Island is a small outlier due west of Great 
Harrier Island, which is ilself due north of the Coromandel 
Peninsula, with which it apjiears f,o have been at some pre- 
vious age in continuity 

Little Earner Island is at present a sanctuary for native 
birds, and is uninhabited except by the family of Mr. Shake- 
spear, who acts as conservator of the island. 

The four species which I have received are— (1) llhodo- 
drdm farms, n. sp. ; (2) Dinodnloides annectem, n. sp. ; (3) Di- 
forochwta gigantea, n. sp. ; (4) Di^porochcBta shakespeari, n, sp. 

Although these are characteristically New Zealand, they 
are not definitely North Island, forms, for, with the exception 
of DinodrUoides, species of the other two genera are known 
from the South Island ; while DiporochwUt has not hitherto 
been found on the North Island itself, though it belongs 
to the subfamily Megascdeemm, to which the characteristic 
North Island worms {Tokea) belong. Ehododrilus has been 
obtained from the Kermadecs, the Chathams, the Campbell 
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and Auckland Islands, as well as on both the main islands of 
this area 

It IS ton early at present, to draw any conclusions, for we 
must wait for further supplies of worms from elsewhere in the 
North Island. I may, however, remark that, so far as our 
knowledge goes, RhododriJus is a commoner genus m the North 
Island than in the South, where it has only been met with 
once (Rh minutn^s) It is surprising that no species of Token 
have been received from the Little Barrier Island. 

1 am endeavouring to traijc out the lim^ of junction 
between the northern and southern fauna, and am satisfied 
that it lies somewhere towards the south ol the North Island ; 
and, 80 far as mv observations have gone, this line coincides 
in a most remaTkable manner with the line recognised by Dr 
L. Cockavne separating a northern and more southern flora, 
that line being the parallel 38° B “ The noHhern region is 
speciallv ohara(tten7(id by Malayan and Australian elements, 
which we may term ‘ subtropical ’ (letter from Dr. Cockayne). 

Thanks to the kindness of Messrs. Gibbs, Buchanan, and 
others, I have received a fairly representative supply of 
worms from Nelson they all belong to the genera Maori- 
dfduSy Plagiochcefn, OctochoBtus, and Dinodrtlus Further, from 
Stephen Island, m Cook Strait, I have obtained specaes of 
Maorulrtlm and OclockmUts. The specific identificjations of 
these worms I have not yet worked out, but the genera are 
all characteristic of the South Island From the neighbour- 
hood of Wellington I have received a species of Maortdrilus 
and of Nmdrxlm fiom Professor H. B Kirk, m addition to the 
OdoohfBtus m%chadseni described by me in the “ Proceedings 
of the Zoological Society (1904, vol ii, p 225) 

1 Rhododrilus parvus, n. sp. 

I received three specimens, which reached me alive, packed 
m damp moss. Only one of them is mature. 

When alive the thin body- wall is translucent, 
and, except for the blood-vessels, without colour, so that the 
opaque white ooplomic fluid is visible. When preserved the 
worm is, of course, white. 

Dtmemiom comparison with the other members of 
the genus recently examined by me this Is a small form. 
These three individuals measure from 55 mm, by 3 mm. (in 
alcohol) to 65 mm. by 2 mm. (in formol). The latter contains 
120 segments, which are annulated. 

The chwtal formula ie ah ^ cd < he ; aa^ be: dd ^ 2ah, 

The ditellum occupies segments 14-17. 

The male fores are in small papilhe in line of h. 
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The tuhercula fubertatis are paired, m line with a, and, as 
m some other species, are m considerable numbers, namely, 
10/11, 13/14, 14/15, 16/16, 18/19, 19/20, 20/21, 21/22. Each 
of those appears as a smooth rounded swelling, joined across 
the middle line by a slight ridge 

A single pair of spermathecjol fores lies in line 5, at 8/9. 

Nefhndiofore^s are also in hue b 

Internal Anatomy —There is nothing characteristic m re- 
gard to the alimentary system 

The testes and funnels and sperm -sacs are in the usual 
segments, but the anterior pair of each is smaller than the 
posterior pair 

The prostates extend to segment 23, and the penial sac 
into the 24th. 

The penial cheetae are thus of considerable length, as m 
R hesti, but in form recall those of R leptomerus. The ch»ta 
18 delicate, curved, and terminates in a simple point, which 
appears to be flexible ; at any rate it is sharply recurved in the 
specimens mounted 

The single pair of spermathecfle lies m the 9th segment ; the 
mam sac is ovoid; tlie diveHiculum cvlmdncal, not quite so 
long as the sac, and opens into the upper part of the short duct 

Lor — In banks of streams m dense bush 

2 Dmodriloides annectens, n sp 

1 was very interested to meet with this genus again, as the 
type was the solitary individual obtained. 

This second species is rather larger than the first, measur- 
ing 90 mm. by 3 mm for 102 segments. 

CWowr— When alive the worm m dark sienna-brown, so 
dark anteriorly to the clitellum as to appear nearly black. The 
whole dorsal surface of the Viodv is pigmented down as far as 
chaeta d—i.e., the whole upper half of the body. The ventral 
surface is, of course, paler than the dorsal. The clitellum is 
much lighter brown, and the areas round the genital pores and 
the tubercula pubertatis are yellow ; the chcetai arise from pale 
spots After being m alcohol for longer than a year the colour 
has changed to bluish-grey, as described in the case of the 
previous species, D. beddardi,* which probably when alive is 
coloured dark-brown. 

There is so close a resemblance between the two that for 
some time I supposed this new species be merely a second 
specimen of the previous one But there are One or two points 
of external anatomy in which this specimen differs from the 
type, though I can detect no differences in internal structure, 

* l¥oc Zool Hoo., J904, vcl ii., p, 226. 
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80 far as may be seen by dissection merely. Nevertheless, T 
believe that these external differences (which concern the 
position of genital pores, &c ) are sufficient to justify the be- 
stowal of a new specific name, on the analogy of the difierenoes 
between species of the European genera Etsenia, Lumbrvcm, &c. 

Qemtd The male pores, on porophores, are otitside 

cheeta b Each porophore is sunk in a jiil (due perhaps to mode 
of preservation, but suggestive of mobility m life). 

There are two circular tnhercula pnberUUis on segment 16, 
one behind cha^ta' a, which touch mosially. A second pair on 
the 18th segment are in line a-/>, and do not touch A com- 
parison with the arrangement in I) heddardt will show that 
considerable differences exist in regard to the position of these 
and the following structures in relation to the cheetae Fur- 
ther, a well-marked ndge ('<^ due to contraction or shrinkage 
of the gland), pale in colour, surrounds these four glands and 
the porophores This ridge has a somewhat hexagonal form. 
It IS transverse on the hinder margin of 15, extending from 
b-b ; then, at each end, bends rather sharjily backwards to 
the outer side of the porophores in 17, passing at the level 
of c ; thence curving inwards between the chsetBc c and h on 
segment 18 to meet its corresponding half on the hinder 
margin of this segment. ♦ 

The (mducal pores are immediately in front of cheotie a, 
whereas in the type they lie m front of the gap ah. 

The sperrnathecal pores, at 8/9, are m line with b (instead 
of with the gap be), and behind it is a tubercula pubertatis, 
on segment 9, in line with a. 

Loo , — Bank of stream in dense bush. 

3. Diporochseta gigantea, n sp. 

A single specimen of this titanic worm was forwarded to 
me. 

Colour . — White (when preserved in fonuol), with the an- 
terior end purplish -grey, and a narrow band of the same colour 
running along the dorsal surface about as far as the middle 
of its length. 

Dimensions.— When measured after preservation its length 
IS 990 mm. by 11mm., but Mr. Shakespear writes me that 
it measured 4 ft. 6 in. when extended alive. This is a great 
size for an earthwonn, though laxger ones are known— 
Megmodides australis attains a length of 6 ft. when alive, 
though its average size is said to be 4 ft. There is a large 


♦ In the case of D. bMardt, a Tt»-examination of the typo shows that I 
overlooked three medium tubercula on segments 1 1, 12, and 13, of wliioh 
I find no evidence in the present species. 
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worm, Glossoacolex gujiantem, in Brazil whioh when preserved 
meaBures 4 ft., and MtcrochcettUi imcrochfxiua from South Africa 
attaniB nearly the Barne length. Naturally the len^h of a 
preBorved worm depends a great deal on the method of pre- 
servation and on the preservative Th(» present specimen was 
preserved in strong fonnol, and is much contracted 

There are about 450 segments, perhaps more I counted 
200 in less than half the length, and then estimated the total , 
but, as the hinder ones are smaller, this number is onlv ap- 
proximate The segments are much aiinulated, and those at 
the anterior end are traversed hv longitudinal furrows, cutting 
up the surface into small rectangular areas 

Prostonnum — The prostomium and Ist segment are bo much 
furrowed that the limits of the forme) are not re(togni»able. 

Chmtrv — Tlvere are from fifWBO cha^ta* per segment m the 
16th segment and backwards, but in front of the clit^elluin 
the number is less , about 35 were eounted on the 10th 
segment. 1 was unable to deter t anv cha^tse ant-erior to the 
5th segment under a lens , possibly they are entirely retracted. 
There is a dorsal and a ventral gup along the whole length of 
the body, wider anteriorly , thus, on segment 16 the dorsal 
gap measures 4 mm and the ventral 2 mm , but before the mid* 
body is reached each gap is reduced to 1 5 inni., a width which 
is retained throughout the rest of the body. 

The dildlum covers segments 13 to half 18 (r.e., five segments 
and a half) 

Gemtd Pores, dr.— The male pores, on the 18th segment, 
are at either end of a trausverse glandular slightly prominent 
area which extends from cha:jta e to e The pore itself w smell, 
mooiispiouous, about in line with c. 

Copulatory glands (tuheretda pubertatis) are three in number, 
in the form of short-, transverse, glandular areas, median, uiter- 
segmental, extending from c to c, and situated at 16/17, 17/18, 
and 19/20. 

There are two pairs of 8j)erwat.hecaJ pores, at 7/8 and 8/9. I 
did not note their position in regard to the chajttc. 

Dorsal pores are present behmd the clitellum. 

Internal Amtamy —There are much thickened se]>ta behind 
segments 7-13. 

The dorsal vessel ib double from the 15th segment forwards 
to the 8th. The last of the three pairs of hearts is in seg- 
ment 12. The hearts in 11/12 are connected with the dorsal 
and with the supra-cesophageal vessel , those in 10 are smaller, 
and open out of the latter vessel only. 

The gizzard, in 5, is long. The msophagus is dilated in 12 
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and 13; the lining is papillose, and there arc no definite glands. 
The intestine commences m 16, and is without a typhlosote. 

The intestme oontamed pietjes of rotten wckkI measuring as 
much as in m length. 

Reproductive Orqam . — There are two pairs of testes and 
funnels, in the usual positions, but those in segment 10 are much 
the smaller, and perhaps functionless, as there is only a single 
pair of sperm-sacs, which lies in segment 12 

The prostates are straight,* subcylindrical, and occupy 
three segments. In this particular specimen the apex is 
directed forwards and lies in segment 16, but perhaps this is 
merely an mdividual peculiarity. 

There is no definite duct The gland retains nearly the 
same diameter up to the body-wall, when it suddenly diminishes 
as it dips into the muscles Bundles of muscular fibres pass up 
from the body-wall and spread over the surface of the gland 
to form an imperfect sheath round its lower end 

No penial chsBtee are recogiusable. 

There are two pairs of spermatheca), m segments 8 and 9. 
Each is an ovoid pouch with a very short duct, not distinctly 
marked off from the sac A small pyriform diverticulum opens 
into the duct close to the body -wall. The sac presents a 
peculiarity that 1 do not remember notuung m any other worm 
Along both the mesial and lateral surface of the sac is a distinct 
muscular ridge ; that on the lateral surface is larger and longer, 
extending right up to the apex, whereas the other one only 
reaches about half-way up At the lower end these longitudinal 
muscle-bands spread out on the body -wall. These two ridges 
are very pronounced structures. 

Excretory The worm is micronephne, and herein 

differs from the majority of species of IhporochcBtu In the 
genital segments the close-set little loops give a velvety ap- 
pearance to the inner surface of the body -wall ; but posterior 
to the 18th segment they become limited to a single row of 
small tubules runmng along the middle of the segment. But, 
although the nephridia are thus minute and multiple, the re- 
mains of a meganephrio condition persist throughout the worm 
in the form of a pair of large funnels which project forwards 
from each septum. Each funnel is nearly as long as a segment 
— t.e., in the contracted condition of the worm it reaches the 
preceding septum ; it is thus readily visible. This funnel is 
V-shaped, yrith long parallel limbs, each consisting of an axis 
of vascular connective tissue, around which is arrai^ed a single 
TOW of ciliated columnar epithelial cjells, in a spiral fashion. 

♦ In the type of the genus, D. intermedfUt they are coiled 
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There is a general resemblance to the funnel of the “ brown 
tubes ” of Echturm umcinctus 

Loc. — Bush-covered plateau, 600 ft above sea-level. 

Mr Bhakespear writes, “ The curious thing about these large 
worms 18 that we never see any castings about. With this one 
a slight crack in the soil was noticed, as when a mushroom is 
coming through, but there was no hole coming to the surfaoe. 
My daughters dug down about 2 ft before they came upon the 
w<irm, the passage winding horizoutully, but slowly going 
downwards The soil is decomposed volcanic breccia, and 
fairly stiff ” 

Remarks, — I have included this worm in the genua 
Diporochcsta, for it only differs from it m being nucronephrio 
The genus was founded m 1890 by Mr Beddard* for megane- 
phrio worms with many chseta) and cylindrical prostates, and 
D tfUermedta, from New Zealand, is the type ; but since that 
time a number of other species have been described from 
Australia and Tasmania. Amongst these Spencer has included 
two worms having micronephndia — viz., D. natahU%8 and 
D. maplestom, from Victoria, both of which, however, differ 
from the present species 

These certamly agree more closely with the typical ZX- 
porochwta than they do with either of the other Megascolecme 
genera m which many cheetsB form a contmuous series round 
each segment — viz., Pheretima^ Me^ascolex^ Plionogasterf and 
Penonyx, The first three are micronephnc, but it is only to 
Megcsscolex that our species show any close resemblance, from 
which, however, it differs m the cylindrical character of the 
prostate. 

1 have already pointed out that within the Acanthrodriline 
genus Plagiochceta^ which is normally meganephric, species 
{e.g.y PI. rossi) with small and multiple nephridia occur ; and 
the presence of large nephiostomos in D. gigantea (and in the 
following species, D. shakespean) indicates that the micronephric 
condition has only recently been evolved. 

4. Diporochaeta shakespeari, n. sp. 

This new species is founded upon the results of a study of 
about a dozen individuals 

Colour. — The living worm is pale-red — i.e., it is without 
pigment in the body-wall, so that the blood shows through. 
The clitollum is yellowish. When preserved either in alcohol 
or in formol the colour is opaque-white and the clitollum yellow. 

Dimensions . — The formol specimens measure from 115 mm. 
by 4 ram. to 120 mm. by 5 mm., the latter having 196 segments. 

• Proo. Zool Soc., 1890, p. 6(J. 
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Some of those preserved in alcohol, not being so much con* 
tracted, have a length of 130mm., but this contains only 111 
segments 

The prostotmum is about a quarter epilobic. 

There are about fifty chtetee m each segment ; thus, 
both on the 9th and 26th segments the number was forty-eight ; 
m the mid-body and in one of the posterior segments I counted 
fifty -two and fifty respectively. 

A distinct ventral gap is present throughout the body, but 
a dorsal gap only in the anterior region. Anteriorly to seg- 
ment 20 the dorsal gap equals the ventral gap, but from this 
segment backwards the former decreases till it has disappeared 
before the mid-br)dv is reached 

Tlie ventral gap a-a = four interchtetal gaps (ah), both m 
mid-body and on segment 9, 

The dxieUum occupies segments half 13-17, and is complete. 

Genitals Pores, (^c — The male pores in segment 18 are carried 
on slight papilla), each of which, in the formol specimen, rises 
from a well-defined pit about in line with ho. 

There are two tuhercula pubertatis, in the form of transverse 
glands, one near the anterior margin of segment 17, a 8e<}ond 
mtersegmental at- 1 9/20 ; each extends from about c-c. In the 
formol specimens these glands are well-marked transversely oval 
pits, with fairly well-marked margin, but in those preserved m 
alcohol they are much shallower depressions. 

All the individuals, even those m which the chtellum is 
undeveloped, exhibit precisely the same arrangement— neither 
more nor fewer— of tubercula. 

There are two pairs of spernuUhecal pores ^ at 7/8 and 8/9. 

IrUernal Anatomy —The septa behind segments 6 to 11 are 
thick. 

The dorsal vessel is single, and the last heart is m 13 

The gizzard, long and cylindrical, in 5. The oesophagus is 
dilated in 11, 12, and 13 ; it is here thick-walled with lamelhe 
within, but there is no constriction from the main tube. The 
lamellae, however, arc similar to those in such glands as occur 
in Maoridrilus, and I think we may regard this dilated region 
as a gland. 

The intestine commences in segment 16. 

Reprodttetive System. — The testes and funnels are in the 
normal position. The sperm-sacs, two pairs, in segments 9 
and 12. 

The prostates— straight, tubular, with a roughened surface— 
extend through segments 18^24, The duct is long, straight, 
and narrow. 
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The spermathec®, m 8 and 9, have a form common in the 
family ; each is a pyriform sac with an ill-defined duct, into 
which opens a small pyriform diverticulum. 

Excretory System . — Like the preceding species, this one is 
mioronephnc, but a fairly large funnel is present m each seg- 
ment, of an elongated crescentic form, intermediate in form 
between the normal funnel and the long V-shaped funnel of 
D. gigantea 

Both this and the piecedmg species are provided with a pair 
of peptonephndia anteriorly. 

Loc — Bank of stream m dense bush 


EXPLANATION OF PLATEK XLI AND XLII. 

Plate XU 

The illustrations of the anatomy of the earthworms are purely dia- 
grammatic, indicating only the segmental position ot the various organs, 
the worm l)eing supposed to be slit up along the dorsal line and the l>ody- 
wall pmnod aside A group of three diagrams refers to each worm herein 
descnlwd 

The left-hand diagram in earsh of the groups leferrmg to a speoiaa 
represents the ext(»rnal features The loi^ation of the vanous genital 
pores IS represented as rourul black dots (it on a papilla this is left white), 
the olitellum is obliquely shaded, the tubercula puliortatis are vertically 
shaded 

In addition, the arrangoiuent of the ehsotm is indicated in segments 5 
to ‘43 on one side ; they are omitted on the other side for clearness’ sake. 
But only about half the true number ot cheet.© are indicated 

7’he imddlc figure represents the alimentary canal ancl so much of 
the vascular system as is diagnostu The latter is black. The gizzard is 
mdioated by vertical shading, the ccsophageal glands by more or less 
horizontal hries The mtcjHtiue is not reprfmonted as being constricted, 
which IS, however, the case in most worms 

The right-hand figuie shows the reproductive system I’he gonails 
are m black The sperm-sacs are dottcMl The muscular duct of the 
spermiduoal gland is transversely stripin.! 

No attfuiipt IS made to give the relative sizes of the worms or of tha 
various organs. 

Plate XLII 

Figs 1, 4, 3 aie diagiammatic representations of the external anatomy 
of R parvuK, D annfrtfrts, and IJ, bMardt respectively. 

The location of the genital pores, chtoUum, and tuber- 
cula jmliertatis is lepresented. ami the true relative spacing 
of the chmtae on one side, which are labelled o, 6, c, d, Ac. 

The nephndiojxires m H parvus are indicated by the 
small circles on the right side of the figure 
Fig 4, Rhododrilus parvus. Hperraatheca 
Fig. 5 H parvus. A penial eha^ta , x 80 
Fig 6 'rhe same, tip enlarged ; x 480 
Fig 7. Diporochveta shakesperm. A spcrma theca. 

Fig 8 D. gigantea. Spermatheca r, r', the two muscular ridges along 
the main sac 

Fig 0 The same in transverse section, showing muscular ridge at each 
end 
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Art XXIX. — On the AnaUmy oj Hyla aurea. 

By George R Marriner, F.R.M.8., Assistant, Biological 
Laboratory, Canterbury College. 

[Read before the Phtlomophual JnsttitUe of Canterbury ^ M December f 1906.] 

Plato XLV. 

PART I. —VENOUS SYSTEM. 

Hyla aurea is the comnion frog now found in many parts of 
New Zealand, where it has become plentiful since its introduction 
from Australia some thirty years ago. As it is one of the types 
put down for dissection in the University’s biological labora- 
tories, a description of its anatomy, illustrated by original draw- 
ings, will, I hope, prove acceptable. 

The practical books* used in Australasia to-day all de- 
scribe, as far as I can ascertain, the European form Rana ; and 
though I have searched through the Transactions and Proceed- 
ings of the learned societies of Australasia, with the exception 
of Miss Sweet’s paper f I have found nothing on the above 
subject. If Hyla aurea corresponded closely in its anatomy 
to RanOy this absence of literature on the former would not bo 
of much consequence ; but in many ways, and especially m the 
veins, the difference is so marked as to make the description 
of Rana more or less useless m a dissection of Hyla aurea. 

The veins in Hyla aurea not only differ from those of Rana, 
but they also vary greatly in the different specimens; and in 
order to obtain as correct a description as possible some fifty 
frogs have been dissected, besides many notes have been taken 
from the specimens used in the biology classes. 

The description here appended, though not applicable in 
detail to every specimen, will, I think, be found correct if a 
number of frogs be dissected and the most general arrange- 
ment of the veins be taken. 

The following are some of the more common variations 

1. The arrangement and size of the veins supplying the skin. 

2. The size, number, and direction of the smaller branches 
of the external jugulars, 

3. The size and branching of the lingual veins. (Out of 
fifteen frogs, five had these veins showing well, but they were 


♦ “ The Frog,” A. Mihies Marshall, 6th edition ; “ Anatomy of Uie 
Frog,'* Eokor (Eng. trans., Haslem), 1889; Practical Zoology,’^ Parker 
and Parker ; Atlas of Zoology,” Howes. 

t ** Variation of the Spinal Nerves of ffyh awrea,” P.R.S. Vic., vol. ir, 
new series, p. 264* 

9— Trans, 
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much thicker than usual ; in six they were about normal ; and 
in four they were almost if not quite invisible.) 

4. The size, direction, and division of the external jugulars, 
which may become very much looped along their courses. 

5. The division of the subclavian into its two branches. 
(Out of fifteen frogs, seven had the division near or at the 
shoulder, six about half-way between the shoulder and the vena 
cava, and two near the vena cava.) 

6. The number of the renal veins. (These seem to vary 
between five and seven.) 

7. The division of the anterior abdominal vein as it breaks 
up into the lobes of the liver. (Out of fifteen frogs, five had a 
large branch running into the left lobe, and the other ten had 
no largo branch, but each lobe was supphed by several smaller 
branches.) 

8. The size of the lumbar veins (Out of fifteen frogs, twelve 
had them distinct, and in three they were very small.) 

9. The size of the ileo-lurabar veins. (In some specimens 
they were large and distinct, while in others they were very 
small and indistinct.) 

The lumbar and ileo-lumbar veins are often united by a 
connecting vein (Out of fifteen frogs, five had a distinct and 
good connection, in seven a fair connection, and in three there 
was no connection at all visible.) 

Veins from the Skin. 

If fig. 1 be compared with Ecker’s* it will be seen that the 
veins coming from the skin differ widely in the two frogs. Ac- 
cording to Ecker, with the exception of three pairs of parietal 
veins near the posterior end of the abdomen, all the blood from 
the skin is returned through the large cutaneous veins. 

Now, in Uyla aurea there are four centres from which the 
blood from the skin is returned, and this is done by four dis- 
tinct pairs of veins — namely, the external jugulars, the cutaneous, 
the parietals, and the pelvico-cutaneous — the first three being 
especially noticeable. 

1. The external jugular veins (e.y.) are a pair of very large 
and often much-twisted vessels running across the body from 
the angles of the jaws towards the median line just above the 
pectoral girdle and then disappearing through the body-wall. 
Some of their branches — namely, the mandibular and several 
other large veins— bring m the blood from the skin around the 
head and shoulders. 


* Eoker’s “ Anatomy of the Frog,” Eng. trana, p. 944, fig. 161. 
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2. The cutaneous veins (e,) are a pair of medium -sized vessels 
bringing blood from the skin for a short distance posterior to 
the arms Each vein is composed of a number of small branches, 
which arise from the skin ; they unite and form the large vessel 
which, after running for a short distance across the ventral 
body-w^all, disappears just below the pectoral girdle 

3 The faneial veim (p.) are a pair of veins often as large 
as the cutaneous, and they bring blood from the skin about half- 
waj’' down the abdomen They, like the cutaneous veins, are 
much branched, and the mam trunk runs across the ventral 
body-wall and soon disappears into the body-cavity. Their 
course as they run to meet the anterior abdominal vein can 
often be traced through the body- wall. 

4 The pehnco’cutaneous veins (p.c,) are a pair of veins bring- 
ing blood in from the skin around the pelvic girdle. Each vein 
IS composed of several branches, and these uniting run through 
the body- wall near the junction of the legs to the trunk. If 
the body- wall be opened it will be seen that they connect with 
the renal portal veins just after the bifurcation of the femoral 
veins Near the mid-ventral line and just anterior to the 
pelvic girdle there are often one or two very small, short veins 
running out to the skin. 

Venous System Propek. 

If the ventral body-wall be out up a little to one side of the 
middle line, and the flaps laid back after the anterior abdominal 
vein has been dissected ofi, the following veins can be seen. 
Pin the heart back so that the ventricle is pointing towards the 
snout. 

The smm venosus (fig. 2, «.v.) is a thin-walled sac lying on 
the dorsal wall of the heart It is more or less triangular m shape, 
and is made up by the union of the posterior vena cava, which 
enters it from the lower end, and the right and left venne cavee, 
which enter it from the right and left corners respectively. 

Veins opening into the Sinus Venosm 
I. Left Anterior Vena Cava (fig. 1, ti.o.). 

This is a large, short vein opening into the sinus venosus 
at its left side, and returns blood from the left side of the head 
and left fore-hmb. It is made up by the union of tliree veins — 
namely, the external jugular, the innominate, and subclavian — 
about 6 mm. from the heart, whence it runs upwards and in- 
wards to the sinus venosus. 

Veins that untie to form the Left Anterior Vena Cam, 

1. External Jugular Vein (figs. 2 and 3, e,j , ; and fig. 1, e./.).— 
This is by far the largest and most important vein of the three, 
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and, beside returning blood from the lower jaw and tongue, 
it also returns it from the muscles of the shoulder, tympanic 
membrane, eye, nose, and the left side of the head generally 
This latter group of organs is in Rana* drained by a large branch 
of the subclavian vein, called the cutaneous, but in Hyla aurea 
the cutaneous (fig. 1, c.) does not reach much above the fore- 
limb. 

It may also be noticed that the external jugular is not, as 
in Rana^ wholly made up by the mandibular and lingual veins, 
but these are merely small branches joining on the mam vein 
as it comes from the side of the head If the skin from the side 
of the head be dissected olf as in fig 3 the small veins about 
the head that unite to form the external jugular can be seen. 

The nasal vein (tig 3, n ) runs from the external nares, near 
the edge of the upper jaw, and unites with the mam trunk of 
the external jugular just at the angle of the jaws. 

The orbital veins (fig 3. o ) join the nasal as it passes the 
eye. They are usually two in number. 

The tympanic vein (fig. 3, O is vein bringing blood from 
the tympanic membrane. 

There is a vein bringing blood from the dorsal muscles of 
the shoulder, and one bringing blood from the skin around 
the shoulder and head, which also join the external jugular 
near the angle of the jaws (fig 3). 

2 The Innow, %nat€ Vein (fig. 2, in ). — Tliis is the second 
and middle vein of the throe that make up the left anterior 
vena cava. It is a very short vein, and is made up of two mam 
branches — (a) internal jugular vein (fig 2, i ,') ), returning blood 
from the interior of the skull and the - yeball, and leaving the 
skull near the posterior border of the orbit; (6) subscapular 
vein (fig. 2, sa.) is a smaller vein than the former, and returns 
blood from the region of the scapular bone. 

3. Ths Sabdaman Vein (fig, 2, sab,), — This is larger than the 
innominate, but much smaller than the external jugular. It 
returns blood from the muscles of the shoulder and the fore- 
limb. It is made up of the (a) brachial vein (fig. 1, 5r.), 
which returns blood from the arm, and, after entering the body- 
cavity, runs direct to join with the subclavian ; (h) the musculo- 
cutaneous vein (fig. 2, m. and c , and fig. 1, c.) returns blood 
from the slrin posterior to the arms, and some of the muscles 
of the shoulder. It does not, as in Rana^ have anything to do 
with skin anterior to the fore-limbs or the head. The musculo 
vein returns blood from the muscles, and the cutaneous from 
the skin, as before described. 


* liloker’s “ Anatomy of the Frog,*’ p. 244, fig. 161. 
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II. Right Anterior Vena Cava. 

This vein and its branches correspond to the left. 

III. Posterior Vena Cava (fig. 2, p.v.c.). 

This 18 a large median vein, returning blood from the kidneys 
and reproductive organs. It is formed by five or more pairs 
of renal veins, and then runs forward amongst the viscera, 
through the liver, on to the sinus venosus. Just after emerging 
from the liver a pair of hepatic veins join it. 

The pulmonary veins are a pair of small veins, and are often 
very difficult to see. They return blood from the lungs, and 
run along its inner side to the heart, where they unite, and open 
into the left auricle. 


Portal Systems. 

A. Renal Portal System. 

The large femoral vein (fig. 2, /.), which comes up the leg, 
bifurcates as it enters the body -cavity. The ventral branch 
forms a portion of the hepatic portal system — namely, the 
left pelvic vein. The dorsal branch runs along the dorsal body- 
wall to the lower end of the kidney and joins it on its outer 
margin This branch is the left renal portal vein (fig. 2, r.p ), 
and on its way is joined by two smaller veins. The left 
sciatic vein (fig. 2, sc.) brings blood from the back of the thigh, 
and, coming in from the inner side of the leg, joins the renal 
portal about half-way between its commencement and its junc- 
tion with the kidney. 

The left ileo-lumbar (fig. 2, i.l.) is the name I have given to 
a medium-sized vein bringing blood from the dorsal body-wall. 
It commences up near the arms, and runs down more or less 
parallel with the backbone, and about 10 mm away from it, until 
it is near the lower end of the kidney, when it turns in and joins 
the renal portal just after it leaves the femoral. 

The left lumbar vein (fig. 2, lum.) is a vein bringing blood 
from the dorsal body-wall by several branches, and after uniting 
to form a single vein it joins the renal portal vein about half- 
way alon^ its length, and on its outer margin. 

The right side of the renal portal system is similar to the 
left. 

B. Hepatic Portal System. 

The anterior abdominal (fig. 1, a.a.v.^ and fig. 2, a.a.v.) is a 
median vein running on the under-surface of the ventral body- 
wall from the pelvic girdle to the liver. It is made by the union 
of the pelvic veins (fig. 2, prf.), which are the ventral branches 
of the femoral veins. It runs forward along the ventral body- 
wall until over the liver, where it runs down and breaks up into 
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the liver at the junction of its lobes. On its way it receives the 
vesical vein (fig. 2, v,) from the bladder, also two small veins 
from the skin above the bladder. 

The right parietal vein (fig. 1, p., and fig. 2, p.), coming from 
the skin as before described, runs in at right angles and joins 
the anterior abdominal vein about half-way along its course. 

The hepatic portal vein is rather difficult to see owing to it 
being obscured by the pancreas, through which it runs. It is 
made up of gastric vein from the stomach, intestinal and spleonio 
veins from the intestines and spleen respectively. The two 
latter form the hepatic portal by uniting at the lower end of 
the pancreas, and after running towards the liver it is joined 
by the gastric vein. The hepatic portal then runs on and joins 
with a large branch of the anterior abdominal vein, the ramus 
descendens,*** which runs down from where the anterior ab- 
dominal vein breaks up into the liver for a short distance 
between the lobes to meet the hepatic portal. Finally it runs 
into the liver. 

PART II ^ARTERIAL SYSTEM. 

The arterial system of Hyla aurea correimonds pretty closely 
to that of Rana, though there are several differences. Unlike the 
veins, the arteries do not vary much in the different specimens. 

The differences peculiar to the Hyla aurea are as follows : — 

1. The carotid artery, before running to the head, bends 
back so as to overlap the systemic arch. 

2. The ccnliaco-mesenteric arteryf (fig. 4, c.w.) comes off 
from the dorsal aorta almost at right angles, while in Ram it 
appears to come off at an angle of 45°. 

3. The occipito- vertebral artery (fig. 4, oc,) seems to be very 
different in its divisions from what it is in Ram, In the Euro- 
pean frog it divides into two branches soon after it leaves the 
systemic arch. The occipital branch supplies the back and sides 
of the head, while the vertebral branch runs down the back on 
the dorsal surface of the transverse processes of the vertebras. 
In Hyla aurea the occipital branch is much the same as in 
Ram, but I have so far found no vertebral artery, though I have 
examined many fresh as well as injected specimens. The ver- 
tebral artery seems to be replaced m function by several small 
artenes running from the dorsal aorta and renal arteries. They 
are short, and supply the muscles, <kc., around the vertebral 
column. 


* “ Anatomy of the Frog,” Eoker, Eng. trans., 1389, p. 248, fig. 104 (6). 

Anatomy of the Frog/* * Eokor, Eng. trana. 1889, p. 228, fig. 

148 ij). “ Atlas of Practical Elenientary Zootomy/* G. B. Howes, 1st edi, 
pi iii, fig. XXX (CCS). 
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Artsrul System op Hyla. Aurea. 

The iruiM^us arUrioam (fig. 4, t.) comes from the ventricle 
of the heart and divides almost immediately into two main 
branches. After running for a short distance each half divides 
into three branches, known as the “aortic arches.’* (For the 
sake of simplification, one side only — namely, the left side — ^will 
be described.) 

A. Carotid Arch (fig, 4, t). — This is the upper of the three 
arches, and after running for a short distance it divides into two 
branches— VIZ., the lingual artery (fig. 4, I ), which comes off 
just in front of a swelling in the carotid, known as the carotid 
gland,” and runs forward along the muscles of the lower jaw 
towards the snout, breaking up into smaller branches as it pro- 
ceeds ; and the carotid artery (fig. 4, c.), which runs round the 
oesophagus, then, after bending backwards so as to overlap the 
systemic arch, runs forwards and downwards and enters the skull 
a httle to the loft of the median line. I have not been able to 
make out very clearly the course of the carotid artery after it 
enters the head, but it appears to divide up into internal and 
external carotids. 

B. Systemic Arch (fig. 4, ii). — This is the middle of the three 
arches, and runs round and down over the oesophagus to the 
dorsal body-wall. It then continues on as a large artery and 
joins with its fellow on the other side, just anterior to the 
kidneys, to form the dorsal aorta. When opposite the arm this 
arch gives off two arteries, viz. : — 

(a.) The occipito-vertebral (fig. 4, oc.) : This is seen as a very 
short, thick artery running downwards and forwards, and dis- 
appears into the muscles of the dorsal body-wall. In Eana 
this divides into two branches — namely, the occipital and the 
vertebral — but in H^a I have only been able to make out the 
occipital (fig. 4, oc.), which runs up to the muscles on the side 
of the head and also to the orbit. 

(6.) The subclavian artery (fig. 4, «.) branches off from the 
sjmtemic arch near the origin of the occipital vertebral. It runs 
out as a large artery to supply the arm. 

C. Pidmo-oulaneous Arch (fig, 4, m). — This is the third of 
the aortic arches, and juat before it reaches the lung it divides 
into two, viz. “ 

(a.) The cutaneous artery (fig. 4, em.) runs outwards and 
downwards, and disappears m the muscles at the angle of the 
jaws. It can be traced to the dorsal surface, where it runs as 
a large vein along the skin from the pectoral down to the pelvic 
girdle* It has a number of small branches which supply the 
skin* 
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(6.) The pulmonary artery (fig. 4, pi.) bends round and runs 
down the outer side of the lung, through which it ramifies. 

The dorsal aorta (fig. 4, d.a.), as stated before, is made up 
by the umon of the right and left systemic arches. It runs 
down close to the vertebral column, and just below the kidneys 
it divides into the two ihao arteries (fig. 4, i/.), which supply the 
legs. 

Just where the two systemic arches umte, a large median 
artery, the coeliaoo-mesenteric (fig. 4, c.m.), is given off to the 
viscera. Tliis divides into two smaller arteries — viz (a) Coehac 
artery (fig. 4, co?.), which breaks up again into (1) the hepatic 
artery, running to the gall-bladder and liver, and (2) the 
gastric artery, supplying the stomach; (6) mesenteric artery 
(fig. 4, m.), wluch breaks up again into (1) the anterior mesen- 
teric, supplying the duodenum and the proximal end of the 
intestine, and (2) the posterior mesenteric, supplying the distal 
end. 

Just as the iliac artery passes the pelvic girdle it gives off 
two or three branches that supply the body-wall and some 
of the muscles of the thigh ; these seem to be what Marshall* 
calls the lumbar (fig. 4, Zm.), and Eckerf the “ external iliac 
arteries,’* 


EXPLANATION OF PLATE XLV. 

Fig. 1. Venous system of Hyla aurca (enlarged). (Ventral surface with 
the skm laid back on one side, showing the veins of the skin. 
Dotted hues indicate the position of tlie veins that oan often 
be seen tlirough the body-wall ) 
e.j. External jugular. m Mandibular, 

p.f. Pelvico-outaneoufi. a,a,v. Anterior abdominal. 

p. Parietal. c. Cutaneous. 


Fig. 2 General view of the venous system of Byla aurea (pairtly dia 
grammatic). (Portal systems m black.) (Enlarged.) 


s,v. Sinus venosus 
v.c. Left anterior vena cava 
p v.c. Posterior vena cava. 
e j. External jugular. 
m. Innominate. 
sub. Subclavian. 

1. Lingual, 
m. Mandibular. 
uj. Internal jugular. 
sa. Subscapular. 
br. Brachial. 
m. Musculo. 
e. Cutaneous. 


r Renal veins. 
h. Hepatic. 

a.a.v. Anterior abdominal vein. 
pel. Pelvic. 

/ Femoral. 
p. Parietal. 
turn. Lumbar. 
t.l Ileo* lumbar. 
r.p. Renal portal. 
sc. Sciatic. 

V. Vesical. 
h. Heart. 

liv. Liver (diagrammatic). 


♦ “ The Frog/’ A. Milnes Marshall, 7th ed , p. 81 (6, 8). 
t Anatomy of the Frog,” Eoker, Eng. trans., 1887, p. 223, fig. 148 (f, <s). 
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Fig 3. Side view of the head with the skin laid back, showing the branches 
of the external jugular vein, 
n Nasal t Tympanic. 

o Orbital. e.j External jugular. 


Fig. 4. The arterial system of HyUt aurea (partly diagrammatic) (The 
dotted hnes indicate the jxisition of arteries that are hidden 
by muscles, &c. The carotid artery is made not to overlap 
the systemic arch, so to avoid confusing the diagram.) 


Heart. 

Truncus arteriosus. 
Carotid arch 
Systemic arch 
%it Pulmo-cutaneous arch 
1. Lingual artery 
c Carotid artery 
s. Subclavian artery. 
oc. Occipital artery 

Occipito-vortebral artery 
pi. Pulmonary artery 


cu Cutaneous artery, 
c m Coeliaoo- mesenteric 
d.a. Dorsal aorta 
%l Ihac artery 
Im. Imrabar artery 
cof?. Cceliac artery 
m Mesenteric artery 
g Gastric artery 
r Renal arteries 
gl Carotid gland 


Art XXX . — Rejmrt of sorne Crustacea dredged off the Coast of 

Auckland, 

By Charles Chilton, M.A., D.Sc., F.L.8., Professor of Biology, 
Canterbury College, New Zealand. 

[Mead before the PhUomphtcal InaUtute of CaiUerhury, Detemher^ 1905 ] 
Shortly after the Dunedin meeting of the Australasian Associa- 
tion for the Advancement of Scient^e, some dredging was done 
of! the coast of Auckland by Messrs. Hedley, Suter, and others. 
The small number of Crustacea that were taken were kindly 
handed over to me for identification by Mr. H. Suter, and the 
following report is the result. I have included one or two 
specimens sent to me later on by Mr. Suter, and some dredged 
early in 1905 off the Poor Knights Islands by Captain Bollons 
of the “ Hinomoa.” Most of the specimens were taken in the 
Hauraki Gulf at a depth of 25 fathoms, and there were only 
four taken outside Great Barrier Island in 120 fathoms — viz., 
a Callianassid, not identifiable ; Lyreidus tnderdaius, De Haan ; 
Circlana rossit, Miers ; and Ampelisca chtltoniy Stebbing. 

None of the species given below are new, though one or two 
of the SphwromidcB, which I am unable to identify satisfactorily 
at present, may prove to be new species. There are, however, 
one or two interesting additions to our knowledge of the distri- 
bution of species already known, the most important being that 
of Lyreidus triderUatus^ De Haan, w:hioh is now recorded from 
New iZealand for the first time, and belongs to a group of the 
Anomura — the Raninidea^Mth&rto unrepresented in the New 
Zealand fauna. 
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Brachyura. 

Paramithrax peronii, M.-Edwards. Miers, Cat. N.Z. Crust., p. 5 ; 
Index Faunae N.Z., p. 247. 

Several specimens from Channel Island, 25 fathoms, and one 
from 30 fathoms, appear to belong to this species, but they are 
very small, the largest having the carapace not more than 
15 mm. long. 

Pinnotheres pisiun, Linnaeus. Miers, Cat. N.Z. Crust., p. 48; 
Index Faunae N.Z., p. 250. 

One small male specimen from Channel Island, Hauraki 
Gulf, 30 fathoms, appears to agree well with the description. 
As is frequently the case with males, this specimen was found 
free and not in a bivalve shell. 

It 18 perhaps worthy of note that Heller’s “ Novara ” speci- 
mens, which he identified witli the P. fisum of Europe, were 
from Auckland, found in Mytilm. 

Ebalia laevis, Bell. Miers, Cat. N Z. Crust., p. 56 ; Index 
Faunae N.Z., p. 251. 

Three specimens from Channel Island, 25 fathoms. I have 
also two specimens dredged of! the Poor Knights Islands in 
60 fathoms by Captain Bollons early in 1905. 

Tlirough the kindness of Mr F. E. Grant I have been able 
to compare this species with specimens of E, tyberculosa (Milne- 
Edwards) taken of! Sydney at the depth of 300 fathoms ; from 
these E, Iwvis may be distinguished by the smoother carapace, 
and by having the posterior margin produced so as to give the 
appearance of three obtuse teeth. Mr. G. M. Thomson has 
recorded E, tuberctdoack from Dusky Sound, 40 fathoms. It was 
taken by the “ Challenger ” at station 167, about a hundred and 
fifty miles west of New Plymouth, m 160 fathoms.* 

Anomura. 

Lyreidus tridentatus, De Haan. Has well. Cat. Aust. Crust., 
p. 144 ; and Henderson, Challenger,” iuiomura, p. 33. 

One specimen was taken outside Great Barrier Island in 
120 fathoms. This agrees well with the description given by 
Haswell. The prominent dorsal elevations on the 3rd and 4th 
abdominal segments are present as described by Henderson, 
except that the one on the 3rd is almost acute, though much 
smaller than the one on the 4th. 

The species was originally described from Japan, and was taken 
by the ‘‘Challenger” ofi Port Jackson and also near the Fiji 
Islands, but it has not been previously recorded from New Zealand 

♦ Annals and Mag. Nat. Hist., 7, x, p. 482. 
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Eupagurus edwardsi, Filhol. G. M. Thomson, Trans. N.Z. 
Inst,, xxxi, p. 182 ; Index Faunae N.Z., p. 251. 

Two specimens, from Channel Island, Hauraki Gulf, 25 
fathoms. These agree very well with the descriptions given 
by Thomson and Filhol One is a fairly large specimen, with 
carapace about 15 mm, long ; the other has the carapace not 
more than 10 ram. long. In the latter the propodos of the right 
chelipede bears few tubercles on its outer surface, and those 
present are small and somewhat spmy 

In some points this species shows a marked resemblance to 
E sjnnulimanus, Miers, and 1 should not be surprised if the 
two prove to be identical. I have two or tlireo small specimens 
from Auckland, collected by Dr. Cockayne m 1905, wluch also 
belong to this species, and are almost more like E. sjnnultmanus, 

Stratiotes setosus, Filhol. G. M Thomson, Trans. N.Z. lust., 
xxxi, p. 185 ; Index Faunae N.Z., p. 252 
Several specimens from Channel Island, 25 fathoms. These 
are much smaller than the specimen m the Canterbury Museum 
that was exaimued and named as above by Mr. Thomson, but 
they agree closely with his description. 

Petrolisthes novae -zealandia, Filhol. Thomson, Trans. N.Z 
Inst., xxxi, p. 190; Index FaunoB N.Z , p, 252. 

Two small specimens from Channel Islands, 25 fathoms, 
appear to belong to this species, but they are too young for 
certain identification, 

Galathea pusilla, Henderson. Thomson, Trans. N.Z, Inst., xxxi, 
p. 193 ; Index Faun© N.Z., p. 252. 

Two specimens from Channel Islands, 25 fathoms. This 
species was previously known in New Zealand from Cook Strait, 
Wanganui, and Paterson’s Inlet, and was obtained by the 
“ Challenger ” ofi the south-east of Australia. 

Ampeipoda. 

Amaryllis macropthalmus, Haswell. Amaryllu macrophthal- 
musy Haswell, Proc. Linn. Soc. N.8.W., iv, p. 263; Cat. 
Aust. Crust., p. 227. Amaryllis brevtcorms, Haswell, l,o,, 
p. 264 ; Cat. Aust. Crust., p. 228. Olyoerina affinu, Chilton, 
t,c., ix, p. 2, pi. xlvii, fig. 1, a and 5. Amaryllis macro- 
phthalmus^ Stebbing, “ Challenger,” Amphipoda, p. 706, 

S I. xxix. Amaryllis macrophhalmusy Thomson, Annals and 
lag. Nat. Hist., 7, x, p. 463 ; Index Faun© N.Z., p. 258. 

A single specimen, a female with eggs, from Channel Islands, 
25 fathoms, undoubtedly belongs to this species. The species 
is a widely distributed one. Haswell recoros it from Tasmania, 
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Port Jackson and other localities on the east coast of Australia; 
while the “ Challenger ” specimen was obtained off Cape Virgins, 
Patagonia, at a depth of 55 fathoms. Olycertna afflnis, Chilton, 
which was described under a misapprehension as to its generic 
position, 18 a synonym of this species 

Mr 0. M Thomson has recorded this species from Moko- 
hinau and from Lyttelton. 

Ampelisca chiltom, Stebbing. Index Faunae N.Z., p. 260, and 
Report “ Challenger,’* Amphipoda, p 1042 
One imperfect specimen dredged off Great Barrier Island, 
at a depth of 120 fathoms, appears to belong to this species. I 
have also two specimens dredged off the Poor Knights Islands, 
in 60 fathoms, and two others collected in Kaipara Harbour by 
Dr Cockayne, that certainly belong to it 

The “ Challenger ” specimens were collected at station 167, 
to the west of New Plymouth, in 150 fathoms 

Ampelisca acinaces, Stebbing Index Faunm N.Z., p. 260; 
Thomson, Annals and Mag Nat Hist., 7, x, p 464. 

Some specimens from Bay of Islands, 4 fathoms, given me 
by Dr. Cockayne, belong, 1 think, to this species. They can 
be distinguished from A. chtltom most readily by the dorsal 
compression, which is continued along the whole length of the 
body, whereas in A chUtoni it is not at all well marked, and is 
limited to the head. Many minute points of difference are given 
by Mr. Stebbing, but if my identifications are correct some of 
these will not hold e g,, the inferior posterior angles of the 
3rd segment of the pleon are produced into an acute shghtly 
upturned point, just as in A. chUtom, while Mr. Stebbing de- 
scribes and figures the lower margin as nearly straight, and mak- 
ing a right angle with the hind margin ; and again, m my speci- 
mens the lower antenna3 are considerably less than the length 
of the body and shorter than in A, chdioniy while Mr Stebbing 
gives them about equal to the length of the body in A. acinaces, 
and his figure of A. chtltom shows them considerably less than 
that of the body, although in his desonption of the species he 
says, “ antennae nearly as m Ampeltsca acinaces*' 

The “ Challenger ” specimens were taken off Port Jackson 
in 35 fathoms. According to Mr. Thomson, this species is not 
infrequently washed up on Ocean Beach, Dunedin, in consider- 
able numbers. 

Leucothoe tridens, Stebbing. “ Challenger ” Reports, xxix, 
p. 777 ; Index Faunae N.Z , p. 258. 

Two imperfect specimens, Channel Islands, 25 fathoms, 
appear to belong to this species. 



Chilton — Crustacea from the Chatham Inlands 269 


ISOPODA. 

Cirolana rossii, Miers. Cat. N.Z Crust., p. 109 ; Index Faunae 

N.Z , p. 263. 

One small specimen, dredged off Great Barrier Island, ap- 
pears to belong to this common species, but it is immature, 
and the eyes very indistinct, so that the identification is not 
free from doubt 

Among the Isopoda were two or perhaps tliree species of 
Sph(vromida\ one apparently belonging to the genus Ciliccea, 
and new to New Zealand. But I cannot identify these with 
existing species, and do not care to venture on the description 
of new species of this difficult family pending the appearance 
of Dr. H J Hansen’s work on the genera of the group. 


Art XXXI. --List of Crustacea from the Chatham Islands 

By (Charles Chilton, M A., D.Sc., F.L S., Professor of Biology, 
C^anterbury College, New Zealand. 

[Read before the Philosophteol Injthtuic of Canterbury^ &h December, 1905 1 

In connection with the origin of the fauna of New Zealand 
that of the outlying islands is of especial importance, and I am 
therefore giving here a list of some Crustctcea from Chatham 
Islands, a group situated about 450 nulea east from Lyttelton 
Harbour. It will be seen that the list is a very short one, and 
tins must necessarily be the case, for no systematic collection 
of the Crustacea has been so far made, and I have only a few 
specimens that have been gathered at odd times by Mr A. 
8hand, Miss 8, D. Shand, Professor Kirk, and Dr. Dendy The 
list, indeed, would be hardly worth while publishing of itself, 
but 1 hope that it will be the means of causing others who may 
have the opportunity of doing so to pay special attention to 
the fauna and flora of these and other outlying islands of New 
Zealand. The terrestrial and fresh- water faunas are of the great- 
est value in this connection, and it is of extreme importance 
that they should be studied, and if possible preserved, before 
it is too late. 

Brachyura. 

Paramithrax latreiUei, Miers. Index Faunse N.Z., p. 247. 
Numerous specimens from Te Whakuru {Miss Shand). 

Platyonichus bipustulatus, M.-Edwards. Index Fauna) N.Z., 
p. 249. 

Prom Te Whakuru {Miss Shand). 
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Halicarcinus planatus, Fabr. Index Faunae N.Z., p. 250; 
Stabbing, Proc. Zool Soc., 1900, p. 524. 

Numerous specimens from Te Whakuru {Mi8$ Shand), 

Hymenicus marmoratus, Chilton Index Faunae N.Z , p, 250 
Specimens from Te Whakuru {Mias Shard) agree with the 
type specimen, which came from Lyttelton, but I am doubtful 
whether the species is a good one ; it may be identical with one 
of those described by earlier authors. A revision of the New 
Zealand HyrnenosomidcB is very much needed ; and I allow the 
species to stand in the meantime till full comparison with others 
can be made, 

Elamena producta, T. W. Kirk. Index Faun» N.Z., p. 251. 

A male specimen from Ouenga {Dr Derdy) agrees with Kirk’s 
description and figures. Kirk’s specimens were from Wellmg» 
ton ; I have seen no specimens from the South Island. 

Macruba. 

Palsemon aftinis, M -Edwards. Index Faunae N.Z , p. 255. 

Numerous specimens of this common species were sent by 
Mr, Shard, 

Xiphocaris curvirostris (Heller) Index Faun® N.Z., p. 255 ; 
Thomson, Trans, Linn Soc., Zool , vui, p. 447. 

Numerous specimens brought to me by Mr, Shard from Chat- 
ham Island (fresh water) ; they seem to be qmte the same as 
those found so abundantly m the Avon, Heathcote, and other 
New Zealand streams. 

Mr. Q M. Thomson has already pointed out that it is note- 
worthy that the fresh- water shrimp found in Australia and Nor- 
folk Island, Xiphocaris compressa, De Haan, is quite different 
from that found in New Zealand streams. 

Stomatopoda. 

Lysiosquilla spinosa (Wood Mason). Index Faun® N.Z., p. 256. 

This species has been recorded from the Chatham Islands, 
under the name SquiUa indefensa, by Mr. T. W, Kirk (Trans. 
N.Z. Inst., xi, p. 394). 


Amphipoda. 

Orchestia chilicnsis, M.-Edwards. Index Faun® N.Z., p. 257. 

I have some specimens from Te Whakuru {Mias Shand) that 
must, I think, be referred to this species as defined by Mr. G, M. 
Thomson (Trans. N.Z. Inst., xxxi, p. 199). 
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Moera fasciculata, G. M. ThoniiioiL Index Fauiise N,Z., p. 260. 

Numerous specimens from Te Whakuru (Miss Shand), some 
of them rather larger than those usually taken on the east coast 
of the South Island, where the species is common. I do not feel 
sure of the generic position of this species; the secondary 
flagellum of the upper antenna consists of a single small joint, 
and the species does not exhibit marked sexual differences, and 
18 very different from other species of Moera that I am acquainted 
with. I am of the opinion that it comes near to Atyloides, 
Stebbing. 

Mehta tenuicornis, Dana. Index Fauna) N.Z.. p. 260 
One specimen collected by Dr. Bendy 

This species is common in New Zealand, and is found both in 
rock-pools on the open sea-coast and also in estuaries and 
lagoons when the water may be almost or quite fresh. 

Mr, A. 0 Walker has recently recorded it from Ceylon under 
the name Mwra tenuicornis^ though pointing out that there are 
various discrepancies between his species and Dana’s descrip- 
tion and figures of the New Zealand form.* In the same year 
Mr. Stebbing described from Ceylon a new species, Mdita zey^ 
lanica, which he was unable to refer to Dana’s species, and dis- 
tinguishes from it by numerous characters, though he appears 
to think that these differences may possibly be due to errors 
and inconsistencies in Dana’s descriptions and figures. f 

Phronima novae-zealandise, Powell. Index Faunee N.Z., p. 266. 

Two specimens in the “ casks ” washed upon Te Whakuru 
Beach (Miss Shand), one with numerous young with her in the 
“ cask.” 

ISOPODA. 

Exosphseroma gigas, Leach. Index Faunse N.Z., p. 263. 

Several specimens of this widely spread species were in Mr. 
Thomson’s collection, having been collected by Professor H. B. 
Kirk. Some of them were larger than those usually found on 
the east coast of the South Island, being intermediate between 
these and the large specimens found at the Auckland Islands. 
On the Chatham Islands specimens were found lais puhescens, 
Dana, which appears to be almost invariably associated with 
this species. 

Mr. Stebbing has fully described Exosphmroma gigas from 
Falkland Island specimens, and has established for it the genus 

* Amphtpoda, from “ Report on the Pearl Oyster Fisheries,” 1904, 
p. 278. 

t “ SpoUa Zeylanica,” vol ii, part v, p. 22. 
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Exosphmroma, which differs from Sph(srom>a in having the last 
three joints of the maxillipeds lobed on the inner side. 

Cymodoce huttoni (G M. Thomson). Index Faunae N.Z , p. 263.’*' 

One specimen collected by Professor H B Kirk. This species 
is very common all round the coasts of New Zealand, and I have 
specimens also from the Antipodes Islands (Dr. L. Cockayne) It 
appears to be closely allied to Dynarmne eatont,f Miers, from 
Kerguelen, winch is recorded also from Cape Horn by M Adrien 
Dollfus m the Mission du Cap Horn,” Crust., p. F, 66 

(?) Isocladus spimger (Dana). Index Faume N.Z , p 263. 

Numerous specimens from Te Whakiiru (Miss Skand). These 
differ in several points from Lyttelton and other specimens that 
I have been in the habit of referring to Dana’s species, and may 
prove to be a new species They are rather larger, and lack the 
small teeth at the base of the large spine arising from the last 
segment of the pereion. The colour is browmsh with darker 
markings, the edges of the epimera, bases of the antennio, &c., 
bemg reddish. 

Paridotea ungulata (Pallas) Index Faume N.Z., p. 264. 

Specimens from Te Whakuru (Mtss Skand). Tins species 
IS widely distributed m the southern seas. Stebbing in his 
“ Report on the South African Crustacea,” pp. 53-55, instituted 
for it the new genus Paridotea, and describes the mouth parts 
and other structures more fully than had hitherto been done. 
He points out that his large dredged specimens have the 4th, 
5th, and 6th joints of both gnathopods and first four pereipods 
thickly coated with hair on the inner margin, while the corre- 
sponding parts m the smaller beach specimens sent to him were 
comparatively smooth. I have taken specimens of both kinds 
together in shallow water on the sea-beach, and can state that 
the differences are sexual — the fine woolly hairs bemg found on 
these parts in large fully developed males, but not in the mature 
females, and probably not in immature males. 

Idotea peronii, M -Edwards. Index Faunae N.Z., p. 264. 

Three specimens from Te Whakuru (Mm Skand), reddish- 
brown or orange in colour (m formalin). One is a female with 
eggs in pouch, and has the 2nd, 3rd, and 4th segments of pereion 
somewhat expanded. The colour and markings of this species, 
though variable, are very protective, and resemble those of the 
red seaweeds on which it is found. One specimen has a median 

* This species cannot remain in the genus Oymodoee as now defined by 
Hansen. It appears to belong to the new genus Dynamdh, Hansen. Bee 
Q.J.M.8., vol xlix, p. 107. 

f Annals and Mag. Nat. Hist., xvi, p. 73 (1875). 




Chilton, — Crustacea from the Chatham Islands 273 

white line about 2 mm. wide, extending from the cephalon all 
through the pereion and half-way along the pleon, the rest of 
the body reddish-brown. Another has white markings on the 
margins of the opirnera, the third (female) without any white 
markings, 

lais pubescens, Dana. Index Faunse N.Z., p. 264. 

Numerous specimens found in the bottle, in which the only 
Sphseromids were the specimens of (?) Isodadus spiniger, Dana, 
mentioned above, and I have no doubt they were commensal 
on this species. They appear quite the same as those found 
on Sphwroma gigasy Leach. This species occurs throughout 
the southern seas as a commensal on several Rphaeromids. Mr 
Stebbing has given a full description of it in the Proc. Zool 
Soc., 1900, p. 549-*51 

Deto novsB-zealandiae — Onuctis noim^zeManditVy Filhol, Mis- 
sion de rile (Campbell,” p. 441, pi. hv, fig. 7. 

Among some Crustacea sent from To Whakuru Beach by 
Miss Shand (August, 1903) are three imperfect specimens that 
evidently belong to this species. The rounded swollen granular 
prominence on each side of the Ist segment of the mesosomo is 
very characteristic, and agrees well with Filhofs figure and 
description “ Le premier anneau du corps prisenie chez certains 
sujetSy de chaque c^otSy d ses extremtUs^ une satUie arrondie, globii- 
leusCy couverte de tres fines granulations 

ActcBcia aucUandicBy G. M. Thomson (Trans. N.Z. Inst., xi, 
p. 249), which I provisionally placed under Scyphax m 1901 
(Trans. Linn. 8oc., viii, p. 126), also belongs to the genus Delo, 
and IS distinguished from /). mvw - zeatandiWy among other 
points, by the absence of the rounded prominences on the Ist 
segment of the pereion. I am preparing a fuller paper on these 
and other species of Deto, 

Oniscus punctatus, G. M. Thomson, Index Faunes N.Z., p. 265. 

Two or three specimens from Pitt Island (Dr. Dendy). Dr. 
Budde-Lund informs me that he has established a new genus, 
PhaUoniscuSf for this and other allied species, but I have not 
yet received the paper in which this genus has been published 

Armadillo speciosus, Dana, Index Faunas N.Z., p. 266. 

In 1901 I referred some specimens from the Chathoms in 
Mr, Thomson's collection to this species with some hesitation. 
I have since received further specimens of the same kind from 
Pitt Island, collected by Dr. Dendy^ and think they must belong 
to Dana*s sj^ecies, but it is very difficult to know exactly what 
species was intended by some of the early descriptions. Dana’s 
specimens were from the Bay of Islands. 
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Art. XXXIL — Description of a Specm of Phreatoicus from the 
Surface Waters of New Ztcaland. 

By Charles Chilton, M.A , D Sc., F.L.8., Professor of Biology, 
Canterbury College, New Zealand. 

[Read before the Phtlosophtcal Insiitvte of Canterbury, 6^A December, 1905.] 
In my paper on the subterranean Crustacea of New Zealand 
published m 1894 (Trans. Linn. Soc , vi), when discussing 
various questions m connection with the three species of Pkrea- 
totem known at that time, I said, “ The questions suggested 
may perhaps be some day solved by the discovery of species 
of Phreatmeus still living above ground in the mountain-streams 
of the Southern Alps, places where very little search of the kind 
reqmred has hitherto been made” (/.c., p. 202). I am not sure 
that the questions under consideration are very much nearer 
solution now than they were then, and certainly no species 
of Phreatoicus has yet been found among our Southern Alps ; 
but in making the statement quoted I little anticipated that 
within the next twelve years so many species would be found 
in other places. 

At that time there was known only the one genus, with three 
species — two found underground in New Zealand, and the third 
on the Mount Kosciusko plateau, in Australia. Now, thanks 
to the researches of Mr. G. M. Thomson, Professor Baldwin 
Spencer, Mr. T. 8. Hall, and particularly of Mr. 0. A. 8ayce, 
we are acquainted with five species of the genus Phreatoicus, 
and with no less than three other closely allied genera, each with 
one species. All these additional forms, however, were from 
Australia and Tasmania, and up to 1902 no surface form had 
been recorded from New Zealand. In that year, however, 
Mr. (now Professor) H. B Kirk brought me specimens of a 
Phreatoicus found in a fresh-water lagoon in Buapuke Island, 
111 Foveaux Strait. These were exhibited at a meeting of the 
Philosophical Institute of Canterbury on the 26th November, 
1902 (see Proc. N.Z. Inst., xxxv, p. 564), but no description has 
as yet been published. In the present year (1905) specimens 
of the same genus were found at Mosgiel, and afterwards at 
Woodhaugh, both places being near Dunedin. These have 
been very kindly handed over to me for examination by Mr. 
6. M. Thomson. 

The occurrence of the species at Woodhaugh reminds us how 
little we really know of the smaller animals even of places that 
have been fairly well searched, for Mr. Thomson and mjnaeli, 
and probably many others, have made many collections from 
this locaUty without coming across the species in question, 
although it is by no means a particularly small one, some of 
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the specmienB being nearly 1 in. in length. Judging from Mr. 
Sayce’s experience in Australia, it is quite probable that other 
forms are still to be found from the streams and fresh waters of 
New Zealand, and I slmll be grateful to any collectors who will 
send me any shnrap-likc creatures they may find under stones 
or m moss in such situations. 

From the descnption given below it will be seen that the 
species now to be described, though found in surface waters, 
is a blind one, and that it is whitish in colour, in these xespects 
resembling the two subterranean speiues occurring in the under- 
ground waters of the Canterbmy Plains. 

Phreatoicus kirkii, sp. nov. 

Specific Diagnosis . — General appearamie of the body and 
appendages very similar to that of JP. asstmilts. Eves not visible. 
Body rather stout and compact, the segments of the pereion 
fitting closely to one another ; pleura of the 2nd to 5th segments 
of the pleon largely developed, fully as deep as their segments 
and conceabng the pleopoda, rounded below and with the inferior 
margin and the lower part of the hind margin thickly fringed 
with long sctsB ; 6th segment as long as the 3rd and ith to- 
gether ; inferior margin of the 6th segment with six curved 
setsB which increase m stoutness posteriorly, the last being very 
stout ; the projection at the end of the last segment narrower 
(as seen in side view) than in P. assimdis, longer than broad, 
tipped with two or three stout seta? and bearing also several 
more slender ones ; below this the liind margin on each side 
18 irregularly convex, and bears numerous short setae of varying 
degrees of stoutness. Surface of body with a fair number of 
slender set*© arranged singly or in small tufts, and becoming 
more numerous posteriorly, especially on the last segment of 
the pleon. Lower autenneo scarcely half as long as the body; 
flagellum of about twelve joints, not much longer than the 
peduncle. Poreiopoda as in P. assimHis, rather short and very 
spiny ; the let forming in the male a powerful subchelate claw 
of the same general structure as in P. assimilisy but with the 
anterior produced portion of the meros armed with one stout 
seta and a few slender ones in place of the thick brush of fine 
hairs found in P. assimUis ; 4th pereiopod of male shorter than 
the 3rd and specially modified. In the female the 1st pereiopod 
has the subchelate claw much smaller and like that described 
for P. typicus, and the 4th pereiopod is similar to the 3rd. The 
last three pairs of pereiopoda with the basa considerably ex- 
panded. mouth parts are practically the same as in P. 
msimilie, the lower lip having the lobes rounded, and the inner 
lobe of the first maxilla bearing only four plumose setae. 
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Colour. — Whitish. 

Length — cephalon, 2*5 mm., pereion, 8*5 mm , pleon, 6*5 mm. 
Depth — pereion, 2 mm. , pleon, 3*5 mm. 

//ai).— -Fresh- water lagoon on Ruapuke Island 
The description given above applies to the Ruapuke Island 
specimens. Those from the neighbourhood of Dunedin differ 
considerably in general appearance, having the segments of the 
pereion longer, so that the appendages are more separated, 
and there are also some minor difierences. I was at first in- 
clined to consider them as a separate species, but the resem- 
blances in the appendages are so close, luid the differences rather 
m the proportions of the body — characters difficult to estimate 
precisely, and perhaps partly due to shrinkage caused by the 
preservmg-fluida used — so that I propose to consider them as 
a variety. 

Phreatoicus kirkii, var. dunedinensis, nov var 
Difiering from the type m having the segments of the pereion 
rather longer, more slender, and more separated , the dorsal 
surface of body, especially of the last segment of pleon, with more 
numerous setie , poreiopoda more slender, the basa of the last 
three pairs less expanded. 

Odour. — Whitish. 

Length — cephalon, 2*5 nun. ; pereion, 13 mm ; pleon, 7 mm. 
Depth — pereion, 2 mm , pleon, 3*5 mm 

Streams at Mosgiel and Woodhaugh, near Dunedin, 

Mr Sayce has laid considerable stress on the proportion of 
the length of the pleon to that of the cephalon and pereion 
combined m the various species of Pkrealoiem and allied genera. 
If we take the measurements given above and work them out 
as Mr. Sayce has done we find that m the typical specimens 
the pleon is of the combined length of cephalon and pereion, 
while in the variety dunedmetms the corresponding fraction 
18 only the difference being thus considerable. Measure- 
ments of tins kind arc, however, not easily made with the same 
accuracy in all cases, and they vary to some extent in different 
individuals, and certainly these fractions m the present instance 
would lead one to think that the specimens from the different 
localities differ more than they really do 

It will be seen that the present species is very closely allied 
to P, asshnUtSf and that ui the lower lip and the inner lobe of 
the first maxilla it agrees with this species and with P. amtralis 
and P. shefkardit and differs from P. typicua. 

In the structure of the last segment of the pleon, and in some 
other points, it may bo considered to be intermediate between 
P. australis and P. assimilis. 
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Art. XXXIII — Note on the Occurrence in Neu) Zealand of 
Dipterous Insects belonging to the Family Blepharocerid® 

By (yHARLEs (Jhilton, M.A., I) Sc., F.L.S , Professor of Biology, 
Canterbury (College* 

[Head before the Phlosophtcal Imtttute of Canterbury^ tSth Detemhtr^ 1905.] 
Plate XLVI 

Some three vears ago Mr. G R Marnner brought me some 
peculiar lUBect-larvio that he had obtained from a mountain- 
stream near Lake Coleridge. Afterwards, in February, 1903, 
I collected similar larva? in a rocky stream at Akaroa These 
prove to belong to the Dipteran family Blepharocendcp, a family 
that does not a})pear to have been hitherto recorded from New 
Zealand , and, though I have as yet been unable to collect the 
adult insects or to rear them from the larvm, I have thought it 
desirable to give a brief description of the larva\ with one or twT> 
notes on the family taken from Dr Sharp’s volume in the “ (Wn- 
bridge Natural Hist/rry/’*** m the hope that the attention of 
entomologists may be thereby directed to these insects 

The Blepharocendoe constitute a small and little - k no wti 
family of the Ihptera, and are found in Europe (the P^Tenees, 
Alps, and Harz Mountains), and in North and South America 
The adult insects resemble the Empidw, but have strongly iri- 
descent wings, and the}^ execute aerial dances after the mannei 
of midges. 

The larvw are very piicuhar in appearance, and arc aquatic, 
living in rapid rocky streams, clinging firmly to the rocks by 
means of suckers on the ventral surface. According to Dr 
Sharp, they live only a short time when taken out of the highly 
aerated water in which they exist. 

The larva? that I have present a close resomblance to that 
of Curuptra iorrentium, Fritz Muller, from Brazil. They arc 
about 7 mm. long and 2*5 mm. broad ; dorsal surface moderately 
convex, ventral surface flat. The larva consists of six divisions, 
on the ventral surface of each of which is a rather large round 
sucker, and each division except the last bears one pair of pro- 
jecting side lobes ; the last division bears two pairs, and shows 
marks of being really composed of two divisions. The cephalo- 
thorax**-t.e,, the first segment — is larger than either of the four 
succeeding divisions, and is about the same size as the last , the 
mouth IS situated on its ventral surface immediately in front 
of the sucker. The short antenna of two joints, slender, free 


* ** Insects,” part ii, by David Sharp (“ Cambridge Natural History ”), 

London, 1890, ])p. 4(U4W1 
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from hairs, projects slightly beyond the anterior margin. Small 
gills are situated around each sucker except the first, as described 
by Fritz Muller. 

The dorsal surface of each diviflion bears about twelve to 
fifteen stout, black, sharp spines projecting upwards at right 
angles to the surface, and the round post margin of the last 
segment is fringed with a row of slender black hairs. The side 
lobes are short, about half as broad as long, narrowing to the 
subacute extremity ; they are lighter m colour than the body, 
and bear numerous stiff hairs of varying stoutness, but all more 
slender than the spines on the bodv The colour of the body 
varies from dark-brown to black, the side lobes being light- 
brown. The larvse live in rapid rocky streams, and by means 
of their suckers cling to the stones and boulders with consider- 
able tenacity. 


EXPLANATION OF PLATE XLVI. 

Fig 1 Dorsal view ; x about ten times 
Fig 2 Ventral view , x about ten times 


Art. XXXIV .— of Dredging on the Continent^ Shelf 0/ 
New Zealand. 

By R. Murdoch and H. Sutkr. 

[Read before tht WdhngUm Phtlomphical Society ^ 4th October ^ 1906.] 
Plates XXT-XXVIT 

This article is a sequel to Mr Hedley’s paper under the same 
heading and in this volume All the shells hero enumerated 
were obtained together with those described by Mr. Hedley 
and the Rev. W. H. Webster. 

1. Philine constricta, n. sp. Plate XXI, fig. 1. 

Shell small, thin, convolute, imperforate, spirally grooved, 
auriform, slightly contracted above. Sculpture consists of shal- 
low fine spiral grooves, leaving broader bands between them, 
crossed by irregularly arranged incremental lines. Colour 
white. Spire concave. Protoconch minute, smooth. Whorls 
Ih rapidly increasing, the last very large, contracted 
below the vertex. Aperture elongately oval, acuminate above. 
Outer lip sharp, lowly convex, microscopically transversely 
striated inside ; lower lip regularly rounded. Inner lip forming 
a broadly spread callosity upon the body, narrow on the concave 
oblique and twisted columella. Altitudei 6 mm. ; diameter, 
3 mm. 
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Type m the Colonial MuBeum, Wellington, 

Obs. Two dead shells were obtained. By its distinct spiral 
ornamentation, the elongate form, and small sise it is well 
characterized. 

2. Philine umbilicata^ n. sp. Plate XXI, fig. 2. 

Shell small, oval, truncate above, umbilicated. Sculpture 
inconspicuous, distant very fine microscopical lines are crossed 
by irregular curved and very fine growth- Imes. Colour white. 
Spire slightly immersed. Protoconch minute, smooth. Whorls 2, 
very rapidly increasing, the last truncated above, rounded at 
the base, narrowed and flatly convex above Aperture elongated- 
oval, slightly excavated above by the body-whorl, broad and 
open toward the base. Outer lip thin, sharp, almost straight 
for the upper two-thirds, then forming a regular arch with the 
convex basal lip. Inner lip forming a rather broad but very 
thin callosity upon the body, inconspicuous on the columella, 
which descends with a rather sharp margin, but slightly exca- 
vated, to the basal lip Umbilicus patulous, distinct. Alti- 
tude, 3*5 mm. ; diameter, 2*25 mm. 

Type m the Colonial Museum, Wellington. 

Obs. Four dead shells This species is distinguished by the 
almost total absence of spiral sculpture and the presence of a 
distinct umbilicus, which is an exception in this genus. 

3. Cylichna pygmaea, A, Adams. 

Bulla {Cylichna) pygmesa^ A. Adams, Thes. Conch., vol. ii, p. 595, 
pi. exxv, fig 150, 1850 ; Man. Conch. (1), vol. xv, p. 319, 
pi. lix, fig. 9. Cylichna atkinsmi, T.-Woods, P.R.8. Tasm., 
1876. p. 156. 

One dead shell only, which agrees with specimens from Tas- 
mania and South Australia. 

4. Cylichna thetidis, Hedley. 

Memoirs Austral. Mus., iv, part 6, pp. 396-96, fig. Ill in text, 
1903. 

One dead shell turned up ; the specimen was identified by 
Mr. Hedley, who informed us that two more from New Zealand 
dredgings were in his possession, 

5. Cylichna simplex, n. sp, Plato XXI, figs. 3, 4. 

Shell small, subcylindrical, involute, imperforate, thin and 
glossy. The sculpture consists of exceedingly fine growth-striae, 
with here and there faintly marked growth-periods ; the axial 
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striffi are crossed by equally fine microscopic spiral lines, in 
places scarcely perceptible. Colour white Spire sunken, con- 
cave, broad and deep, with a minute dome-shaped projection 
arising from and closing the axial perforation Protoconch 
showing as a minute globular central point. Aperture as long 
as the shell, narrow above, expanded and slighty effuse below. 
Outer lip almost straight, sharp, rounded at both ends. Inner 
lip spread as a thin callus over the inner wall, thickening upon 
the columella, which is uniformly curved and has a slightly 
reflected rounded margin ; the fold imperceptible. Altitude, 
4*38 mm. ; diameter, 2*21 mm 

Type in the Colonial Museum, Wellington. 

Obs, A fair number of dead shells were found In dimensions 
and contour this species is near to C struUa, Hutt , but the very 
different form of the columella at once distinguishes it 

6. Tornatina pachys, Watson. 

JJtriofulm (Tmnatina) fochys^ Watson, Journ. Linn. 8oc. Lond., 
vol. xvii, p. 331, 1883 ; “ Challenger ” Reports, vol. xv, 
p. 660, pi xlix, fig. 8. 

A young shell, measuring 3 2 mm. by 1*6 ram., was found, 
which may be Watson’s species, but differing from it in the 
slightly raised top and more distinct spiral striation In all 
other characters the specimen agrees with Watson’s diagnosis 
and figure. The differences may be due and peculiar to the 
neamc stage of the species. 

7. Ringicula delecta, n. sp. Plate XXI, tig. 5. 

Shell small, oval-globular, imperforate, with a relatively 
short conoidal spire, somewhat thin. The sculpture consists 
of fine slightly variable spirals which somewhat strengthen 
upon the base, and are a little wider than the grooves ; there are 
eight to ten upon the penultimate whorl, and thirty to forty 
upon the last, nine to twelve in front of the aperture. These 
spirals are crossed by close irregular incremental stria?, which 
in places cut the spirals into mmute gemmules, and when 
prominent produce a bghtly costate appearance. Colour white, 
fresh specimens vitreous. Spire shorter than the aperture, acute, 
terminating in a sharp apex. Protooonch of about two whorls, 
the nucleus minute, slightly raised, smooth, the second turn 
microscopically decussate. Whorls 5, rounded, the last pro- 
portionately large, globular, and with convex base. Suture 
impressed, not channelled. Aperture vertical, semi-lunar, angled 
above, sinuated and with a very short open canal, notched at 
the base. Outer lip convex, straightened at tjie periphery, 
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regularly arched below, sharp Inner lip forming a well-defined 
callus on the body, with one or two low tubercles ; columella 
short, vertical, stoutly callused and with two strong rounded 
folds, the lower of which is largest, and forms with the end of 
the columella a prominent rounded point Altitude, 4*35 mm ; 
diameter, 2*9 mm. 

Type in the Colonial Museum, Wellington. 

Ohs. This pretty little species was represented by a fair 
number of dead shells amongst our dredgings. It is very distinct 
and rather more thin than usual in this genus. This is the first 
species of Ihn^icula recorded from New Zealand waters. 

8. Solidula alba, Hutton. 

Buccinulus albus^ Hutton, Cat. Mar. Moll. N.Z., p. 51, 1873. 

A few young and imperfect dead shells, which are exceedingly 
friable. 


9, Actaeon craticulatus, n. sp. Plate XXI, fig. 6. 

Shell small, oval, whitish, subperforate, cancellated, with a 
basal fold upon the columella. Sculpture consists of well-im- 
pressed spiral grooves of rather irregular width, with interstices 
of nearly the same breadth, though in some specimens they are 
distinctly broader. This spiral sculpture is very variable. There 
are subequidistant axial threads cutting up the spiral furrows 
into oblong squares. Colour of most specimens (all dead shells) 
white ; a few specimens only show purple coloration on the 
body-whorl, leaving a white band below the suture. Spire 
conical, acuramate, less than half the length of the shell. Proto- 
conch paucispiral, not distinctly separated from the succeeding 
whorl, lightly corroded in most specimens, nucleus small. 
Whorls 5, the last of considerable siae, slightly angled above, 
flatly convex, base narrowed and rounded. Suture deep, dis- 
tinctly canaliculate. Aperture subvertioal, elongated-pyriform, 
produced at the base. Outer lip sharp, very little convex, 
nearly straight, minutely denticulate, sharply rounded at the 
base. Inner lip narrow, thin ; columella with a moderately 
large smooth plait situated at the lower third, slightly exca- 
vated above, reaching the effuse basal hp in a light curve. A 
small umbilical chink opposite the tooth. Altitude, 9 mm. ; 
diameter, 4-5 mm. Aperture : length, 6'5 mm. ; breadth, 2 mm. 

Type in the Colonial Museum, Wellington. 

Ob$. About twenty specimens were obtained. The species 
is distinguished from A. kirki by the cancellated ornamentation 
and the smooth columella fold. 
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10. Daphnella protensa, Hutton. Plate XXI, figs. 7, 8. 

Da'phneUa frotensa, Hutton, Trans, N.Z. Inst , vol. xvii, p. 317, 

1885 (from the Pliocene of Petane). 

Two specimens turned up, which difler from the type by the 
predominating spiral sculpture and very feeble axial plications. 
Typically there are delicate spiral threads, but m our specimens 
there are distinct chords present, which are crossed by flexuous 
longitudinal strice. Only the upper whorls are distinctly decus- 
sate. The protoconch, consisting of two smooth whorls, is much 
larger than in fossil specimens from Petane, more bulbose, and 
with an oblique nucleus. 

This form may constitute a new subspecies, but the material 
at our disposal is too scanty to decide this point with certainty, 
A figure of this vanety and of the protooonch are here given. 


11. Mangilia dictyota, Hutton, 

Claihurdla dictyota, Hutton, Trans. N.Z. Inst., vol. xvii, p. 316, 
1885 (from the Pliocene of Wanganui and Petane). 

Two dead shells which correspond with Hutton’s diagnosis ; 
they have the same dimensions, but the anal sinus is more con- 
spicuous and deeper. Usually recent specimens from shallow 
water are slightly larger. 


12, Drillia buchanani, Hutton, subsp. maorum, E. A. Smith. 

Sufcvla huchanam, subsp. maorum, Suter, Proc. Mai. Soc., 

vol. vi, No. 4, p. 200, 1905. 

A few fairly well preserved dead shells were dredged. They 
are much smaller than the typical form, having a length of 
12 mm. only, against 21 mm. Similar small examples were also 
collected by Mr. A. Hamilton, Director of the Colonial Museum, 
off Otago Heads. 

Harris suggested that P. huchanani should be classed with 
JSurcula, but its proper place seems to be under DnUia. 

13. Drillia, sp. 

Of this form there are two small examples, but in so poor 
a condition that we hesitate to describe them. The shells 
apparently are not adults the sculpture approaching perhaps 
nearest to the Pliocene fossil Plmrotoma gemmea, Murdoch.* 


* Trans, N.Z. Inst., vol. xxxii, p. 217, pi. xx, fig. 9, 1900. 




Murdoch and Sutkr — Results of Dredging 283 


14. Drillia optabilis, n. sp. Plate XXI, fig. 9. 

Shell small, narrow, turriculate, last whorl shorter than the 
spire, clathrate, aperture pyriform, canal short. Sculpture : On 
the spirc-whorls three spiral equidistant cords, which are crossed 
by longitudinal also equidistant threads, forming small beads 
at the intersections, and squarish interstitial depressions ; there 
are about twenty-one beads on a row , on approaching the base 
the spirals are getting narrower than the interspace, and the 
beading less prominent ; upon the beak there are small irregular 
threads crossed obliquely by the plications of the old beaks. 
Colour greyish-white. Spire turriculate, not very conspicuously 
shouldered, longer than the last whorl. Protoconch : The outer 
shelly layer has scaled off and it is impossible to give a descrip- 
tion ; the nucleus is globular and obliquely tilted. Whorls 7, 
narrowly angled and excavated above, sides almost straight ; 
base convex and narrowed to a short and anteriorly sinuated 
beak. Suture bimarginate, above by a minute threadlet, below 
by a broad and heavy cord which is obliquely irregularly 
plicated. Aperture pyriform, angled above, with a concave 
inner wall, ending m a short broad canal, which turns 
slightly to the left. Outer bp curved, imperfect ; the lines 
of growth would indicate that the sinus is situate in the 
excavation below the sutural cord, that it is small and mode- 
rately deep. Inner lip spread as a thin layer narrowly over 
the body, broader over the columella, which is first straight 
and then slightly twisted to the left, ending in a sharp 
point. Altitude, 10*7 mm. ; diameter, 3*93 mm. ; angle of 
spire, about 22^. 

Type in the Colonial Museum, Wellington. 

Obs, A single specimen of this beautifully sculptured shell 
was collected. 

15. Drillia (Crassispira) laevis, Hutton. 

Pleurotoma Imis, Hutton, Cat, Mar. Moll. N.Z., p. 12, 1873. 

Half a dozen much broken examples of this species occur ; 
they are more strongly and rather less numerously plicated 
than the typical forms from shallower water. However, fossil 
specimens from the Wanganui Pliocene make a near ap- 
proach to them. The angle of the spire is 30^, as ]in the 
type. 

This species should be assigned to the subgenus Crasais- 
pira^ Swainson, 1840, distinguished from Drillia^ s. str,, by 
the short and wide canal, the deeper sinus, paucispiral pro- 
toconoh, &c. 
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16. Pleurotoma (Hcmipleurotoma) nodilirata, nom. mut Plate 
XXII, figs. 10, 11 

Pleurotoma tuherculata,, T. W. Kirk, Trans. N.Z Inst., vol xjv, 

p. 409, 1882 (not of Gray) ; Hutton, Plioc Moll. N.Z., in 

Macleay Mem. Vol, p. 50, pi. vi, fig 29, 1893 (not of Gray). 

The species, described from a Pliocene specimen, requires a 
new name, that proposed by Kirk being preoccupied by Gray, 
and the above is offered. Kirk’s description being rather scanty, 
the following complement is now given, compiled from recent 
specimens. 

Shell fusiform, biconical, with nodulous keeled whorls, pyri- 
form aperture, and short open canal. Sculpture * Last whorl 
with about sixteen tubercles on the keel, and a similar number 
of spiral cords below, the upper six of which are widely spaced 
and narrower than the interspaces , those upon the base and 
canal are smaller and crowded. Above the aperture is a single 
chord, which persists on the whorl above, but disappears in the 
suture of the next whorl Monilo-spiral threadlets adorn the 
sinus area, also the tubercles All the upper whorls, except the 
protoconch, have tubercles on the keel, and there is a row of 
small nodules below the suture The axial sculpture consists of 
fine rather irregular incremental lines, which, however, become 
more prominent on the lower whorls, connecting the small 
tubercles below the suture with the larger ones on the keel. 
Colour light-cream. Spire conical, about as long as the body- 
whorl. Protoconch consisting of one and a half to two whorls, 
nucleus obtuse, smooth, polished, the succeeding volution with 
minute spiral striee. Whorls 7, slowly and regularly increasing, 
with a strong carina below the middle, excavated above and 
straight below the keel ; base convex, ending in a slightly twisted 
rather short beak. Suture deep and margined below with a row 
of small elongate gemmules. Aperture pyriform, rather narrow, 
angular above, terminating in a shorts open tnmoated canal, 
which has a slight turn to the right. Outer lip sharp, strongly 
angled, and with a well-pronounced rounded sinus at the keel, 
contracted towards the base. Inner lip forming a very thin 
obliquely finely striated layer on the body and columella, the 
latter nearly straight, slightly sinuated and pointed below. 
Altitude, 19*6 mm. ; diameter, 8*5 mm. ; angle of spire, 42®. 

Type of P, tuberculaia^ Kirk, in the Colonial Museum, Wel- 
lington. 

06s. No perfect or live specimens were gathered, only a 
small number of more or less damaged very fragile shells. 

Of this species a smaller form occurs, but similarly sculptured, 



MtTUDOCH AND SuTER — Results of Uvedgimj 285 

and it seems scarcely worth a varietal name. It is also found in 
the Wanganui blue clay of Pliocene age. The recent specimens 
are imperfect m outer lip and spire, but with the aid of fossil 
individuals the accompanying sketch (fig. U) is derived. The 
larger type specimens in the Colonial Museum are from the 
Petane Phocene ; in these, as also in the smaller form, the 
tubendes are less strong and more numerous than in recent 
examples 

17 Pleurotoma (Hemipleurotoma) alticincta, n sp Plate XXII, 

figs. 12, 13. 

Shell small, turriculate, subcylmdncal, with a long spire, 
deeply sulcate whorls, an oblong aperture which is slightly 
shorter than the spire, and a short canal. Sculpture * On the 
upper spire-whorls a few minute spiral stri®, the next with four 
distinct cinguli, on the succeeding a minute fifth spiral arises 
at the suture, whu;h on the penultimate strengthens and about 
equals the adjoining revolving ribs ; the cinguh are strong, 
rounded and adorned with minute spiral threadlets, absent in 
the grooves ; the latter are deep, somewhat square-cut, and 
narrower than the ribs ; the last whorl with ten ribs and a 
number of minute threadlets upon the back of the canal, added 
to which are the oblique lines of old beaks ; grooves and ribs 
about equal, but the former sometimes broader as they proceed 
anteriorly. The longitudinal ijrowth-striee are minute, slightly 
irregular in strength, and giving in places (usually upon the 
upper whorls of the spire) a slightly clathrate appearance. 
Colour : There is only one young specimen that has a somewhat 
fresh appearance, it is light horn-coloured ; all the others are 
greyish- white. Spire long, gradate, turriculate, with an obtuse 
rounded apex. Protoconch of about two convex turns, slop- 
ingly shouldered, with minute spirals the precursors of the 
adult sculpture ; nucleus central, depressed-globular, smooth. 
Whorls 7, flattened, strongly shouldered at the suture, first 
slowly then more rapidly increasing, the last a little longer than 
the spire. Suture deep, margined above on the lower whorls. 
Aperture elongate, somewhat narrow, slightly contracted in 
front and forming a short open canal, which is truncated and 
slightly sinuate at the base, bent backward and a little to the 
left. Outer lip slightly thickened, descending with a light 
downward sweep, crenukte on the margin ; the sinus indis- 
tinct, situated on the uppermost cingulum. Inner lip forming 
a broad callus through which on the body the three cinguli 
appear as folds, with a distinct edge, which is slightly raised, 
connected above with the outer lip ; columella excavated in 
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the middle, drawn out to a point on approaching the anterior 
beak. Altitude, 15*7 mm. ; diameter, 5*75 mm 

Type in the Colonial Museum, Wellington 

Ohs, This species is in its sculpture nearly allied to P. sef- 
temlirata and triliraia^ Harris, from the Eocene of Australia. 
Three perfect specimens, one not quite adult, and a number of 
fragments, were obtained all dead shells. 

18. Pleurotoma (Leucos 3 rrinx) augusta, n. sp. Plate XXII, 

figs. 14-17 

Shell fusiform, slender, fragile, spire and body- whorl of about 
the same length, whorls with a spiral keel bearing small nodules, 
canal long. Sculpture : The whorls are strongly keeled at the 
periphery and with a row of gemmules set slightly oblique there- 
on, on the last whorl there is a lower smooth keel present ; a 
few inconspicuous spiral strias are on the area between the keels 
and on the anterior extremity. The axial sculpture consists 
of minute and irregular growth-lines only. Colour pure-white, 
slightly shining. Spire pagodiform, elongated. Protoconch 
smooth and shining, consisting of about two turns ; the nucleus 
18 slightly tilted, and with a distinctly marked smooth carina, 
which 18 much strengthened on the succeeding whorl. Whorls 7, 
regularly and rather slowly increasing, the last biangulate, con- 
cave below the keels and produced into a rather long narrow 
and truncated beak. Suture deep, minutely bimarginate. Aper- 
ture angularly ovate, broadly angled above, contracted below 
and terminating in a rather long open canal, which is some- 
what turned to the left The outer lip has its margm not quite 
perfect, which perhaps lends to the scarcely fully adult ap- 
pearance of the shell ; it is biangled and concave above, between,^ 
and below the angles ; sinus broad and moderately deep, ex- 
tending almost from the suture to the keel. The inner lip 
spreads as a very thin narrow callus over the concave body 
and the columella, which is nearly straight and slightly twisted, 
ending in a fine point on the left margin of the canal Altitude^ 
10*32 mm. ; diameter, 3*9 mm. ; angle of spire, 28^. 

Type in the Colonial Museum, Wellington. 

Ohs. Only two specimens of this graceful little shell were 
found. It is allied to Pleurotoma allay Harris ( == pagoda^ Hutton, 
non Reeve)*, from which, however, it may be readily distinguished 
by the gemmules on the keel and the distinct carina on the 
protoconch, both of which characters are absent in the Tertiary 
fossil 


Oat. Tert. Moll. Brit. Hue., Australasia, part i, p. 45. 
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19 Pleurotoma (Leucosyrinx) eremita, n, sp. Plate XXII, 
figs. 18, 19. 

Shell small, fusiform, fragile, with shouldered whorls, the 
body-whorl but slightly shorter than the spire, and a rather 
short open canal. The sculpture consists of longitudinal and 
spiral threads and riblets, the former inclined slightly backward ; 
they number about fifteen on the penultimate whorl and are 
obsolete above the angle, absent upon the greater part of the 
last whorl. The spirals consist of five minute threads on the 
slope above the angle ; beneath the latter there are four much 
stronger riblets, forming gemmules at the intersections of the 
longitudinals ; the last whorl with about twenty- three spirals, 
those upon the base and neck more widely spaced, but equally 
slender as those on the shoulder. Colour light-cream. Spire 
turriculate - conical, with a blunt apex. Protoconch slightly 
bulbose, with about two smooth whorls, nucleus globular. 
Whorls 5, angled at the periphery, straight above, slightly 
convex below ; base convex, then contracted and ending in a 
short distally rounded beak. Suture deep. Aperture pyri- 
form, broadly angled above, ending m a rather short almost 
straight canal, slightly turned to the left Outer lip imper- 
fect, convex above, contracted near the base , it is evident 
from the growth-lines that the sinus is broad, rounded, and 
moderately deep, extending almost from the suture to the keel. 
Inner lip forming a thin and narrow callosity on the almost 
straight columella, which is slightly twisted at the base. Alti- 
tude, 5*8 mm. ; diameter, 2*42 mm. 

Type m the Colonial Museum, Wellington. 

Obs* Of this species there is but a single and not fully adult 
example, a dead shell, which appears to be allied to P. xsohm^ 
Watson, which was obtained m 700 fathoms north-east from 
New Zealand. Our species is smaller, less slender, with fewer 
whorls, and has much more numerous and stronger spiral riblets, 
especially round the periphery of the whorls. The situation of 
the sinus seems to be the same in both species. 

20. AnciUa mucronta, Sowerby. 

Spec. Conch., part i, p. 8, figs. 47, 48, 1830. 

Two dead shells with a very distinct mucronate apex. 

21. AnciUa bicolor, Qray. 

Jukes’ Voy. “ Fly,” vol. ii, p. 357, pi. i, fig. 4, 1847. 

A fair number of young specimens, only one of them alive. 

22. Pulguraria (Alcithoe) gracilis, Swainson. 

Exotic Conch., pi. xlii, 182L 

One very good shell was obtained ; altitude, 65 mm. 



288 


Transactions, 


23. Fulguraria (Alcithoe) hedleyi, n. sp. Plate XXIII, 
figs. 20, 21. 

Shell elongato-fusifonn, spire rather long, acuminate, costate, 
body-whorl smooth, with fine longitudinal zigzag markings, 
columella with four plaits. Sculpture : The protoconch has one 
or two spiral threads, the following whorls of the spire are 
distantly longitudinally costate, the cost® extending over the 
lower two-thirds of each whorl, ten on a volution ; a few costas 
are situated on the body above the aperture, but the remainder 
is smooth ; growth-lines are visible on all the whorls, more 
distinct and close together on the last whorl. With a lens a 
number of spiral lines may be distinguished below the shoulder 
of the whorls. Colour : No live specimens having been obtained, 
it is only possible to guess the colour of the shell, which is most 
likely light-fulvous ; fine longitudinal brown zigzag lines orna- 
ment all the whorls, except the protoconch. The spire is much 
shorter than the aperture, conical, acuminate but obtuse. 
Protooonch (fig 21) consists of two slightly bulbous whorls ; the 
nucleus is slightly lateral, smooth ; the second whorl has one or 
two spiral threads. Whorls 7, shouldered, first slowly then 
rapidly increasing in height. Suture distinct but not impressed, 
retrocurrent on reaching the aperture. Aperture long and 
narrow, slightly canaliculated at the upper angle, very slightly 
narrowed at the base, where it is broadly truncated and sinuated. 
Outer lip forming a very light curve, nearly straight, thickened 
and rounded above, thinner near the base, smooth, not expanded. 
Inner lip thin, shining, broadly expanded on the body and with 
a few longitudinal strisB, narrower on the columella, which is 
very slightly excavated near the middle, with four almost equi- 
distant and very oblique strong plaits, all of nearly equal size ; 
columella narrowed into a sharply rounded beak, which extends 
beyond the basal margin of the outer lip. Altitude, 61 mm. ; 
diameter, 18 mm. Aperture : length, 39 mm. ; breadth, 7 mm. 
Angle of spire, 32®. 

Type m the Colonial Museum, Wellington. 

Obs, Two specimens, only one adult, were obtained, and they 
had evidently been buried in the mud for a considerable time. 
This species is nearly allied to F. gracilis^ which attains about 
the same length, but is much more ovoid, has more numerous 
cost® on the whorls, and a much wider aperture. Our species 
has the body-whorl subcylindtical, the zigzag markings much 
finer and not crowded. 

The species is named in honour of Mr. Charles Hedley, of 
the Australian Museum, Sydney, the originator and leader of our 
dredging expedition. 
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24. Vulpecula (Pusia) biconica^ n. sp. Plate XXIII, fig. 22. 

Shell very small, biconical, imperforate, a row of nodules on 
the lower whorls, suture margined, aperture narrow, with four 
liolumellar plaits. Sculpture • On the third to fifth whorls there 
are oblique longitudinal costae, produced into nodules on the 
angle of the whorls, below the suture a broad rim, under the 
nodules of tin* last whorl two very fine spiral threads and several 
more towards the base. Colour wdiite, with fulvous on the 
mxlules of tin* first half of the last whorl, continued in broad 
zigzag hues down to the base on the second half. Spire conoidal, 
about half tlui length of the shell, obtuse. Protoconch formed 
by one and a half whorls only, papillate, smooth, glossy , nucleus 
slightly excentnc, broadly convex Wliorls 5, rather rapidly 
increasing, shouldered with about fourteen short nodulous ribs, 
disappearing shorUy before reaching the outer lip , base regu- 
larly attonualcd Suture distinct, slightly impressed, broadly 
margined below Aperture somewhat obbque, narrow, with sub- 
parallel Hides, slightly channelled above, produced at the base 
into a very short broad convexly truncated canal Outer hp 
damaged in both specimens, thin. Inner lip forming a white- 
enamel layer of moderate width on the concave body and on the 
columella, which is a little oblique and bears four plaits, the 
first and second nearly honzontal, the following two oblique ; 
they slightly inereasi* in size from the base upwards Alti- 
tude, 5 mm. ; diameter, 2*8 mm. Aperture . length, 2*5 mm. ; 
breadth, 0 fi mm 

Type in the Colonial Museum, Wellington. 

Ohs. A small number of this beautiful shell were obtained. 
It 18 much smaller than V. rubigitma and 'planata, and at once 
distinguished by its nodulous ornamentation and the colour- 
markings, recalling Alcithoe 

25. Marginella fusula, n. sp. Plate XXIII, figs 23, 24 

Shell small, rather thm, oval-conic, smooth and glossy, and 
with a much produced spire. Sculpture consisting of low rounded 
growth-periods, numerous and irregular, usually more marked on 
the last half -volution. Colour white, or with a faint yellow 
tinge ; oc^casionally some indistinct brown markings which form 
two spots on the outer lip, and seem to indicate the presence of 
two brown spiral bands on the body-whorl in fresh specimens. 
Spire produced, a little shorter than the aperture, conical, with 
an obtuse rounded apex. Protooonoh paucispiral, smooth, 
rounded, nucleus depressed. Whorls 4, flatly convex, the last 
produced and narrowed anteriorly, with a sli|?ht but distinct 
swelling which proceeds as a pacl from opposite the posterior 

10 — Tr 0418. 
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plait and sweeps out and forwards. Suture distinct, lightly 
impressed. Aperture elongate, narrow, subchannellod above, 
broadly rounded at the base Outer lip very slightly reflected 
and thickened, smooth inside, a little retrocurrent at its insertion. 
Inner lip forming a narrow callus upon the oblique almost 
straight body ; the columella subvertical with four evenly 
spaced rather thin plaits, the superior short and almost trans- 
verse, the next sloping, but less oblique than the succeed- 
mg two, the lower of which is a little twisted and margins 
the very short open canal Altitude, 6 87 mm ; diameter, 
3*11 mm. 

Type in the Colonial Museum, Wellington. 

Ohz> A few dead and mostly damaged specimens. It is quite 
dbSerent from all the other hitherto known New Zealand species. 
From the nearly allied M. allyorti, T -Woods, it is distinguished 
by the larger size and more slender form, as well as by the 
absence of denticles on the inner margin of the outer lip, but 
the indication of brown spiral bands connects it with that 
species 

26, Marginella hebcscens, n. sp. Plate XXJII, figs. 25, 26. 

Shell small, moderately solid, suboval, smooth and polished. 
The sculpture consists of irregular minute and smooth growth- 
periods. Colour white or pale-creamy, pellucid when fresh. 
Spire elevated and with a blunt apex, about one-third of the 
total length of the shell. Protoconch paucispiral, smooth, 
broadly rounded, with a flat small nucleus. Whorls 4, lightly 
rounded, the last narrowed at the base and with a distinct swel- 
ling curving out and forward from the columella, base convex. 
Suture rather broaflly impressed and submargined below. Aper- 
ture longitudinal, narrow, margins subparallel, with an indistinct 
channel above. Outer lip slightly reflected and thickened, inside 
smooth, a little retrocurrent at its insertion and with a small 
distinct sinus. Inner lip narrow on the oblique somewhat 
convex body ; columella slightly oblique, nearly straight, with 
four equidistant stout plaits, the first transverse, the following 
two oUique, and the last subvertical and margining the short 
broad and anteriorly rounded canal. Altitude, 3*8 mm. ; dia- 
meter, 2*07 mm. 

Type in the Colonial Museum, Wellington. 

Obs, A number of dead shells were obtained. This species 
also is allied to if. aUporti, T.-Woods, but is distmguished from 
it by the shorter spire and longer aperture, the bluntly rounded 
ape^, the stronger oolumella -plaits, and absence of all colour- 
markings. 
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27* Cryptospira (Gibberula) ficula^ n. sp. Plate XXIV, fig. 27, 
Shell very small, subpyriform, smooth and polished, with but 
very sbghtly raised spire Sculpture • Some examples show 
minute groRi:h -periods, more distinct on approaching the lip. 
Colour whitish, vitreous in fresh shells Spire very little elevated, 
broadly rounded. Protoconch of about one and a half whorls, 
smooth, flattened, the nucleus but slightly raised. Whorls 3 to 
3J, those of the spire very low and narrow, the last occupying 
nearly the whole of the shell, rounded and lightly ventricose 
above, narrowed toward the base ; basal limb large and callous, 
corresponding to the grovijh-periods of the notch, bordered by 
a minute ridge Suture minute but distinct Aperture very 
narrow above, channelled, slightly broader tow^ards the base, 
where it is deeply notched. Outer lip very little thickened, 
almost straight, rctrot urrent in a half-circle towards the suture, 
rounded off on the base , in adult specimens the inner margin 
of th(^ hp mmuttdy transversely denticulate. Inner lip thin 
and narrow on the lightly convex body, broadening and thicken- 
ing on the slightly excavated columella, which bears three small 
but distinct plaits , they are oblique, equidistant, and the last 
extends to the rounded basal point of the columella ; two or 
three minute denticles are sometimes distinctly visible on the 
wall of the body, situate above the others. Altitude, 3’45 mm. ; 
diameter, 2*17 mm 

T)q)e in the Colonial Museum, Wellington. 

Obs, A number of dead shells were collected. Its nearest 
ally is MargineUa sirangei, Angas, from Australia and Tasmania, 
which also belongs to the genus Crgptospira : this species is a 
little larger (altitude 5 mm.), with the spire considerably more pro- 
duced and the upper columella-plaits more distinctly exserted, 

28. Fusus spiralis, A. Adams. 

Proc. Zool. Soc., 1855, p. 221, publ. 1856. 

A fine beautifully coloured and adult specimen, inhabited by 
a hermit-crab, was found, which was presented to the Auckland 
Museum Besides this, fragments of dead young shells turned up. 

29. Murex (Potrieria) selandieus, Quoy and Qaimard. 

Voy. Astrol., Zool., vol. ii, p. 629, pL xxxvi, figs 5-7, 1833, 

Two young dead shells. 

30. Megalatractus maximus, Tryon. l*late XXIV, fig. 28. 
Man. Conch. (1), vol. iii, p. 136, pi. liv, fig. 356, 1881 ; Hedley, 
Memoirs Austral. Mus., vol iv, part 6, p. 374, pi xxxviii. 

Two protoconchs of what we take to be this species were ob- 
tained. They certainly do not belong to S, dilutata, Q. and 6., 



Traniactiom. 


and as if. marxmm tiirned up alive from 30 fathoms near C^haniiel 
Islaiid, as will be recorded lu another paper, there seems to be 
no reason to doubt the identity of the species In the specimen 
from Channel Island, part of the protoconch is preserved, and it 
is very much like these specimens from 110 fathoms. On the 
whorl succeeding the protoconch there ar(.‘ ten nodules , the 
canal is very long, narrow, and bent to the right. As most adult 
specimens are, as it seems, more or lcs.s decollate, we give here 
a sketch of the more perfect protoeonch It is pupoi.l, poly- 
gyrate, consisting of four convex whorls with spiral rib lets, 
crossed by incremental lines ; nucleus central, small, slightly 
raised. Most of the outer layer has peeled off, and only traces 
of the sculpture are left. 

31. Siphonalia nodosa, Marty n. 

Univ. Conch., Buccinum, vol. i, fig. 5, 1784. 

A fair number of dead young shells, all very fragile. 

32. Columbella choava, Reeve. 

Conch. Icon , spec. 239, 1858. 

One dead specimen, greyish- white, which is smaller and more 
slender than typical examples, but otherwise there is nothing 
to separate it from Reeve’s species. Altitude, 3*8 mm. ; dia- 
meter, 1*6 mm. 


33. Turritella pagoda, Reeve. 

Conch. Icon., spec. 60, 1849. 

A few dead young and imperfect specimens, which agree 
with examples from the Wanganui Phocene. 

34. Turritella fulminata, Hutton. 

Cat. Mar. Moll. N.Z., n. 29, 1873. 

A few young dead sheila, which have lost the characteristic 
colour-markings. 

36. Turritella carlottee, Watson. 

Joum, Linn. Soc, Lond., vol. xv, p. 222, 1880 {^vittata, Hutt., 
non Lamk.), 

One partly broken shell only. 

36. Diala subcarinata, n. sp. Plate XXIV, fig. 29. 

Shell minute, subulate, smooth, narrowly perforate. Sculp- 
ture : The longitudinals consist of minute growth-strisB, with 
here and there irregular marks of ^owth-periods, subcostate 
in places. Colour porcellaneous-white. Spire high, slender, 
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and tapering. Protoconch consiste of about two smooth rounded 
whorls, the second with a shghtly swollen aspect, the nucleus 
oblique. Whorls 7, slightly rounded ; the antipenultimate 
whorl is indistinctly feebly bicannate ; this is bettor defined 
upon the next whorl, especially the supenor angle which forms 
the subtabular suturial shelf ; upon the last four or five feeble 
carune, three of which are above the aperture, the base rounded. 
Suture deep. Aperture vertical, subtriangular. Outer lip sharfi, 
regularly curved, effuse and angled at tlie junction with the 
basal extension of the columella, producing a small spout-like 
canal. Inner hp forming a narrow thin callosity on the pillar, 
which is subvertical and slightly sinuatod ; a thin callus ex- 
tends above over the body to the outer lip. Umbilicus very 
narrow, open. Altitude, 2*9 mm. ; diameter, 1*04 mm. 

Type in the Colonial Museum, Wellington. 

Ohs, A single dead shell was found, which adds a genus to 
the New Zealand fauna. 

37. Natica zelandica, Quoy and Qaimard. 

Voy. Astrol., Zool., vol. li, p. 237, pi. Ixvi, figs. 11, 12, 1832. 

A young dead shell which has lost the outer calcareous layer. 

38. Natica australis, Hutton. 

Joum. de Conch., vol. xxvi, p. 23, 1878. 

A good number of specimens were found, all dead shells, 
white, porcellaneous. 

39. Calyptraea scutum, Lesson. 

Voy. “ Coquille,” Zool., vol. ii, p. 395, 1830. 

A few young dead shells. 

40. Omalaxis amoena, n. sp. Plate XXIY, figs. 30-32. 

Shell small, discoidal, bicarinate, beautifully sculptured, 
sides straight but oblique, umbilicus wide, carinated, perspective. 
Sculpture : Upper side with a beaded cord on each side of the 
suture, the outer one being more prominent ; between them are 
three fine elevated spiral threads, the whole crossed by numerous 
obli(jue elevated radiating ridges, with equal interspaces, which 
continue over the periphery to the basal cord ; on the periphery 
is a third beaded and conspicuous cord, which is buried in the 
suture; still another margmates the base, and between them 
are ^ee small spiral ridges. Between the basal and umbilical 
ribs is a small beaded spiral, the whole reticulated by somewhat 
irregular distant radiate ribs, mterstices having now and again 
one or more fine ridges ; the umbilical rib cfistinctly beaded. 
Colour white. Spire flat. Protooonoh dextral, smooth, con- 
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sisting of one and a half convex whorls. Whorls flattened, 
regularly increasing, with the sides almost straight, subquadrate 
in section, the base somewhat excavated. Suture slightly 
channelled. Aperture subquadrate. Outer hp sharp, with two 
angles above and one below. Columella short, concave. Um- 
bilicus large, scalar, with the sides inclined. Operculum un- 
known. Diameter : maximum, 3 mm. ; minimum, 2*5 mm. 
Altitude, 1 mm. 

Type in the Colonial Museum, Wellington. 

06s. One dead shell only. This very interesting addition 
to our fauna is almost identical with Ihacohdxx retifera, DalL, 
from the Pliocene of Florida. The operculum of our species 
being unknown, we place it for the present in the genus Oma- 
laxisy Deshayes. A similar form, 0. mertdtonalis, dredged in 
Port Stephens, but not so elaborately sculptured, has been 
described and figured by Mr. C. Hedley in Memoirs Austral. 
Museum, iv, part 6, 1903, p. 351. 

41. Adis semireticulata, n. sp. Plate XXIV, figs. 33, 34. 

Shell small, subulate with a rounded base, subrimate, longi- 
tudinally costate and with a spiral thread on the last whorl. 
Sculpture longitudinal and spiral ; the latter consists of some 
minute striae upon the base, occasionally extending above the 
penphery, and usually absent upon the spire. The longitudinals 
form small rounded costations, obsolete or absent upon the base, 
and generally very variable, some fairly uniform throughout, 
others feeble on the last whorl, and others again more or less 
obsolete on all whorls. Colour light-homy, hyaline. Epidermis 
very thin, glossy, membranaceous, present on a few specimens 
only. Spire conical, longer than the body-whorl, with a blunt 
apex. Protoconch formed by about two smooth rounded and 
vitreous volutions. Whorls 6, regularly increasing, rounded, 
and with a convex slightly produced base. Suture deep, mar- 
gined above by a minute threadlet which strengthens upon the 
later whorls, and continuing forms a distinct thread below 
the periphery upon the body-whorl. Aperture broadly ovate. 
Outer Up regularly rounded, slightly varicose, the varix usually 
set a little back nom the edge. Inner lip forming a small re- 
flected callus upon the body, extending to the outer margin, 
and upon the excavated columella, which is mostly a httle pro- 
duced below, forming an angulation of the aperture. Umbilical 
chink very narrow or obsolete. Altitude, 8*3 mm. ; diameter, 
1*7 mm. 

Type in the Colonial Museum, Wellington. 

0^. A nun^her of specimens, none with the animal. This 
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species may represent the Adis (Rissopsu) hyalinay Hutton,* the 
type of which seems to be lost. Hutton’s species is unfigured, 
and the description scarcely sufficiently full to identify it with 
certainty. In any case Adis hyalina, Hutt., cannot stand, 
the name being preoccupied by Watson. 

42. Scala zelebori, Dunker. 

Verhandl. Zool. Bot. Gesellsch., Wien, vol. xvi, 1866, p. 912. 

Two damaged young shells, 

43. Scala levifoliata, n. sp. Plate XXV, figs. 35. 36. 

Shell small, turreted, imperforate, many-whorled, longi- 
tudinally laminated, with a few spiral ribs and small sub- 
orbicular aperture. Sculpture * Spire - whorls bicannate, the 
slope uniform from the suture to the upper carina, situate on 
the lower half of the whorls ; the lower carina is less conspicuous 
and close to the suture ; the last whorl is tricarinate with the 
basal keel microscopically granulate, and below this is a well- 
marked furrow bounded by a small concentric rib, which mar- 
gins the columella ; on the lower part of the shoulder two 
indistmot spiral threads, more obscure on the upper whorls. 
The longitudinal ornamentation consists of obliquely advancing, 
close, delicate, undulating, and sharp laminations, extending 
over the suture, and terminating at the basal carina Colour 
greyish-white. Spire elongate, turreted, sharply pointed. Pro- 
toconch consisting of about two small rounded whorls, the 
nucleus with the initial half-turn smooth, the other half longi- 
tudinally delicately ribbed, which is followed on the second 
whorl by the sharp laminations of the ephebio stage. WTiorls 
10, regularly increasing, with straight sides above the keel, 
slightly concave between the encircling ribs. Suture deep 
and channelled, which character is hidden to a great extent 
by the longitudinal laminations extending over it. Aperture 
ovato-orbiodar, angled above. Outer and basal hp rounded, 
slightly effuse, shai^, and with flexuous projections corre- 
sponding to the spiral keels; columella concave, very little 
callous, terminating at the base in a minute sharp point. Al- 
titude, 6*7 mm. ; diameter, 1*62 mm. 

Type in the Colonial Museum, Wellington. 

06s. A most graceful little shell, of which there are but two 
dead specimens, one not fuU-grown. We are informed by Mr. 
C. Hemey that he is describing a nearly allied form from Aus- 
tralian waters. 


♦ New Zeal. Joum. Sc»., vol ii, 1884, p. 178 ; Proc. liim. Soo. K S.W., 
vol ix, 1886, p. 936. 
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44, Odostomia (s. str.) marginata, n. sp Plate XXV, fig 37. 

Shell small, ovate, white and shining, almost smooth, with 
a margined suture and angled body-whorl. Sculpture consists 
of distinct flexuous growth-lines, irregularly spaced, and with 
much finer incremental stria? between them; with a raagni- 
fymg-power of about thirty diameters distant fine spiral stria- 
tion can be made out. Colour white, shining, porcellaneous. 
Spire elevated, conical, about the same length as the last whorl. 
Protoconch consisting of about two smooth whorls, the nucleus 
heterostrophe, tilted. Whorls 6, flatly convex, the last angled 
at the periphery ; base convex Suture impressed, distinctly 
margined below. Aperture vertical, pyriform, angled above, 
rounded and slightly effuse below ; poritremc disoontmuous. 
Outer lip sharp, flatly convex, sharply rounded at the base. 
Columella with a very distinct tooth just below the junction 
with the body-whorl, concave below Umbilicus represented 
by a distinct chink Operculum unknown. Altitude, 4 5 mm. ; 
diameter, 2*3 mm 

Type in the Colonial Museum, Wellington. 

Ohs. One adult and a few young shells, all dead From 
our nearly allied 0 angasi, proxima, and vestahs it may at once 
be distinguished by the distinct margmation of the suture and 
the angled last whorl. 

45. Eulimella levilirata, n sp Plate XXV, fig. 38. 

Shell small, subulate, imperforate, many-whorled Sculp- 
ture consisting of microscopic fine close and linear spiral 
grooves, crossed by very fine unequally spaced growth-lines. 
Colour white, glossy. Spire long and subulate. Protoconoh 
smooth, with a heterostropbe, minute rounded and lateral 
nucleus. Whorls 7, slowly and regularly increasing; sides 
flatly convex, base rounded. Suture well impressed and dis- 
tinct. Aperture m our only specimen imperfect, very likely 
subquadrate, broadly angled above Outer lip partly broken 
ofl, sharp, convex. Inner lip forming a thm layer on the body, 
more callous on the straight rounded columella; basal part 
of pentreme broken off. Altitude, 6 mm. ; diameter, 1*4 mm. 

Type in the Colonial Museum, Wellington. 

Obs. One dead shell only. Distinguished from the other 
two New Zealand species, de'plexa and ccena^ by the presence 
of spiral sculpture. 

46. Pyramidella (Syrnola) tenuiplicata, n. sp. Plate XXV, 

fig. 39. 

Shell minute, subulate, imperforate, white and porcellaneous, 
with a long spire and pointed apex. Sculpture consists of some 



Mukdoch and Suteb — Results of Dredging. 297 

microBCopic irregular spiral striae. Colour white, shining. 
Spire much longer than the body-whorl, slender and tapering. 
Protoconch consists of about two smooth rounded whorls, 
with the nucleus heterostrophe. Whorls 7, regularly increas- 
ing, lightly convex, bodv-whorl with a minute thread-like 
oarina only noticeable in front of the aperture ; base rounded. 
Suture channelled. Aperture ovato- quadrate, vertical. Outer 
lip sharp, curved. Inner lip spread over the straight stoutish 
columella, which is reflected , the columellar twist producing 
an mdistinct fold ; anteriorly the lip is sharp, produced, and 
somewhat flattened. Altitude, 3 21 mm. ; diameter, 0*82 mm. 
Type in the Colonial Museum, Wellington 
Ohs A single dead specimen, not in very good condition. 
It is the first record of the genus for New Zealand, Pyramiddla 
rosea, Hutton, having been transferred to the genus Column 
hella. 

47 Eulima vegrandis, n. sp, Plate XXV, figs. 40, 41 
Shell small, subulate, imperforate, straight, smooth and 
glossy. Sculpture absent, except an occasional interrupted 
varix. Colour white, porcellaneous Spire straight, many- 
whorled, narrowly elevated, terminating in a sharp and slender 
apex. Protoconch of about two smooth whorls, very slightly 
curved from the axis of the shell, nucleus minute, rounded 
Whorls 11, with straight sides, the last less than half the total 
length, mdistinctly angled at the periphery ; base convex. 
Suture linear, on the lower whorls with a minutely submarginate 
appearance. Aperture pyriform, angled above, slightly oblique, 
rounded and a little effuse at the base Outer lip lightly curved 
and thickened, feebly sinuated below the insertion. Inner lip 
spread narrowly as a distinct callus from the outer lip over 
the body and the slightly excavated columella, reflected and 
united with the effuse lower lip. Altitude, 6*9 mm. ; dia- 
meter, 1*9 mm. 

Type in the (Colonial Museum, Wellington. 

Obs, Only one dead shell. 

48. Eulima infrapatula, n. sp. Plate XXV, fig. 42. 
Shell small, subulate, imperforate, broadened at the base 
which is distinctly angulate, tapering to a sharp slender apex 
which is slightly curved; thin, smooth, and glossy. Sculp- 
ture consists of minute spiral incisions, scarcely* noticeable 
or absent except upon the last whorl. Colour white, glossy. 
Spire narrowly conical, tapering rapidly to a subacioular apex 
which is oblique and somewhat distortl^. Protooonch formed 
by a few smooth convex whorls, nucleus minute, rounded. 



298 


Tranmciion^, 


Whorls 9, lightly convex and contracted at the suture, the 
first four whorls more rounded than the others ; varices few, 
interrupted, irregularly disposed and not well marked ; base 
rounded. Suture very distinct, impressed. Aperture subver- 
tical, rather large, obliquely quadrate, broadly angled above, 
flatly expanded at the base. Outer lip not much strengthened, 
but slightly curved and forming a broad rounded angle at the 
junction with the basal lip. Inner lip formmg a very thin 
narrow callus on the body, more prominent on the stout colu- 
mella, which is nearly straight, rounded on joining the basal 
lip, both being distinctly everted Altitude, 5*04 mm. ; dia- 
meter, 2 11 mm. 

Type in the Colonial Museum, Wellington 

06s. One dead shell only. This species is allied to E 
munita^ Hedley,* from which it may be distinguished by its 
smaller size, fewer whorls, the less prominent varices, and more 
feeble sculpture 

49. Eulima (Mucronalia) bulbula, n sp. Plate XXV, figs. 

43, 44. 

Shell small, subulate, imperforate, white, smooth, polished 
Sculpture consists solely of the mostly discontinuous slightly 
marked varices on some of the whorls. Colour white, shining, 
porcellaneous Spire long, subulate, straight. Protoconch mu- 
cronate, the nucleus small, rounded, the second whorl relatively 
much enlarged, bulbous ; all smooth. Whorls 10, straight, 
regularly increasing, the last much higher in proportion and 
slightly angled round the centre. Suture distinct, not impressed, 
irregularly indented on the lower part of the shell. Aperture 
small, vertical, pyriform, regularly arched below. Outer lip 
sharp, very slightly convex. Inner lip forming a light callosity 
on the oblique columella and body, rounded off at the base 
toward the outer Up. Altitude, 13 mm. ; diameter, 3 mm. 
Aperture: length, 3mm.; breadth, 1*5 mm. 

Type in the Colonial Museum, Wellington. 

Ohs. Two dead shells were obtained, one only adult. Mr. 
C. Hedley says that the mucronate tip of this species somewhat 
recalls E. oori, Pilsbry. 

50. Minolia textilis, n. sp. Plate XXVI, figs. 45, 46. 

Shell small, conoidal, widely umbilicate, fragile, exquisitely 
sculptured. Sculpture : There are numerous radiate sharp 
riblets at regular intervals, the interspaces about twice the 


♦ MemoirH Austral. Museum, vol it, port 6, 1908, pp. 368-59, fig. 81 
in text 
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breadth of the costiB, crossing over broad rounded spiral cords. 
On the third whorl there are three spirals, which are supple- 
mented on the following whorl by a faint thread below the 
suture, and one between the first and second cord ; on the 
last whorl there are two rather inconspicuous spiral threads 
below the suture, followed to th§ periphery by five strong spiral 
cords, the last three more prominent than the others ; on the 
base there are five narrow equal and close -set spiral riblets, 
and the umbilicus is margined by a stout beaded ridge. All 
the spiral cords are strongly and sharply beaded by the longi- 
tudinal sculpture. Colour greyish-white. Spire conoidal, with 
a rounded apex Nucleus globular, small, smooth, consisting 
of, one whorl ; the succeeding volutions show^ already distinct 
radiate riblets and spiral threads. Whorls 4J, tabulate above, 
flatly convex below the angulation of the shoulder ; base 
slightly convex. Suture canaliculate. Aperture subcircular, 
angled above, white, not nacreous inside. Outer lip sharp, 
convex, margined by denticles on the outside, produced by the 
spiral ridges. Inner lip spread as a thin callosity over the 
penultimate whorl and connecting the margins ; columella 
regularly arched, sharp. Umbilicus wide, scalar, margined by 
a strong beaded cord followed by two spiral ridges, beaded 
by longitudinal riblets. Diameter : maximum, 4*3 mm. ; mini- 
mum, 3*5 mm. Altitude, 3*8 mm 

Type in the Colonial Museum, Wellington 

06s. A few dead shells only. The shell used for descrip- 
tion and the figures is no doubt not adult, as was evidenced 
by fragments of a larger shell of the same species. The genus 
has not been recorded from New Zealand before. 

51. Minolia plicatula, n. sp. Plate XXVI, figs. 47-49. 

Shell small, orbicular, widely umbilicate, thin and fragile, 
whitish with radiate purple streaks, longitudinally plicate above, 
and spirally ribbed. Sculpture : There are rather distant 
oblique radiate plications extending on the body-whorl to the 
periphery only ; these as well as the interspaces are very finely 
longitudinally striate. On approaching the umbilicus equidis- 
tant straight broad and flat nbleta are formed, slightly beading 
the revolving cords. The penultimate whorl has two spiral 
ridges close together, flatly beaded by the radiate plications, 
and two some distance down towards the suture. On the last 
whorl are two spiral cords, somewhat removed from the suture, 
followed by a smooth interstice and three spiral ridges with 
grooves of their own width between them ; five narrower cords 
follow from the periphery to the umbilicus, the grooves between 
which are first narrow, then getting broader ; there is a double 
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beaded ridge margining the umbilicus. Colour whitish with 
irregular radiate zigzag bands of purple Spire low, with a 
blunt apex Nucleus smooth, rather large, depressed-globular, 
yellowish, consisting of one whorl. Whorls 3^, shouldered, 
convex at the periphery ; base flatly convex Suture sub- 
canaliculate Aperture subcircular, very little excavated above, 
the margins approaching and nearly meeting, slightly nacreous 
within. Outer lip sharp, convex. Inner lip forming a very 
thin layer over the penultimate whorl , columella regularly 
arched, slightly reflexed, produced at the base on joining the 
carina of the umbilicus. Umbilicus wide, carinate, perspective, 
with spiral ridges and longitudinal plications on the last whorl. 
Diameter • maximum, 4*5 mm. ; minimum, 3*8 mm. Altitude, 
3 mm. 

Type ill the Colonial Museum, Wellington. 

06s. A few dead and mostly young shells. As type we 
selected a specimen obtained by Captain J. Bollons by dredging 
in 37 fathoms off Cuvier Island, as it is in better condition than 
any of those from 110 fathoms This species is easily separated 
from the foregoing species by the less elaborate sculpture alone. 

52. Monilea egena, Gould. 

Proc. Boston Soc. Nat Hist , vol iii, 1849, p. 84. 

One dead and imperfect shell. 

53 Cirsonella granum, n. sp. Plate XXVII, figs. 50, 51. 

Shell minute, turbinate, umbilicate, smooth and glossy. 
Sculpture absent except for the microscopic growth • stri®. 
Colour white, one young and apparently fresh specimen vitreous. 
Spire conoidal, small, a little less than the total height. Nucleus 
consists of one whorl, which is smooth and rounded. Whorls 4, 
much rounded, the last proportionately large ; base convex. 
Suture deep. Aperture subcircular, broadly angled above, but 
little excavated by the body. Outer lip sharp, forming a half- 
circle with the basal lip. Inner lip spread as a thin layer upon 
the convex body, more thickened upon the concave and re- 
flected columella. Umbilicus with its area small and with a 
somewhat sharply defined margin, the perforation narrow. 
Altitude, 1*75 mm. ; diameter, 1*75 mm. 

Type in the Colonial Museum, Wellington. 

06«. A few dead shells were gathered. It is a much smaller 
shell than C. (?) mozdanica, Murdoch,* more globular, with the 
aperture more circular, and better and difierently defined um- 
bilical area. 


* Proc. Mai. Soc , vol. iii, 1899, p, 320, pi. xvi, figs. 2-6. 
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54. Cocculina tasmanica^ Pilsbry. 

JemfFa parva, Angas, var. tasmanioa, Pilsbry in “Nautilus,” 
1895, p 128 Nacdla tasmanica, Tate and May, Proc. Roy. 
8oc. 8 A.» vol XXIV, p 102, 1900; Proc. Linn. Soc N.S.W., 
1901, p 411, pi xxvii, figs 89, 90. Cocculina meridionalts^ 
Hedley, Memoirs Austral. Museum, vol. iv, pt. 6, 1903, p. 331, 
fig 64 in text 

A single specimen, which was examined by Mr C. Hedley, 
>vho kindly reported on it as follows : “ Sculpture worn off, 
but in size, shape, and general appearance it is just like my 
C meridiona/is ” Quite recently he informed us that his species 
was identical with Pilsbry’s tasnianica. One of us, who has a 
syntype of the latter m his collection, compared our shell with 
It and found it to agree in eVery respect ; the deciduous nmilcus 
18 still present, but the epidermis, and with it the sculpture, are 
lost. The type was dredged by Mr. May in 10 fathoms in Fred. 
Henry Bay, Tasmania. This is a very interesting addition to 
our fauna. 


55 Genus (?). Plate XXVII, figs. 52-54. 

8hell small, flat, oblong-scutiforrn, sides almost parallel, the 
posterior end having a broad inward curve ; the apex minute, 
laterally disposed and almost terminal ; anterior end impt rfect. 
Sculpture consists of numerous small rounded and irregularly 
spaced concentric growth-periods, more distant anteriorly, the 
primary periods scarcely so obligue to the axis as the nucleus. 
Colour whitish. Protoconch distinctly marked off, smooth, cap- 
shaped, with a slightly flattened rim-like margin ; it consists of 
about one turn, somewhat oblique to the major axis. The lateral 
margins slightly laminated and with an upward curve, thus 
giving the dorsal surface a slightly concave aspect. Interior 
slightly polished and with shallow incised lines upon the inner 
slope of the lip, indicating the line of attachment ; immediately 
underneath these lines are right and left small narrow muscular 
impressions, the left largest and rather more anterior. Length, 
in broken conditioi^ 7*76 mm. ; breadth, 4*66 mm, 

Obs. The generic position of this unique specimen is somewhat 
of a puzzle to us, as we are not acquamted with anything to 
match it. It may belong to some tectibranchiate genus, perhaps 
of the family PlmrobranohidcB, 

66. (?) Recluzia, sp. Plate XXVII, figs. 55, 66. 

Shell small, turbinate, imperforate, thin and fragile, smooth^ 
with a squarish mouth. Sculpture consists of minute growth- 
stries perceptible only here ana there ; near the outer lip several 



802 


Tran9act%on%, 


small, close, and more distinct growth-periods mark the position 
of successive lip-margins. Colour yellowish -horn, white under- 
neath the epidermis, which is very thin, microscopically deli- 
cately roughened, which obliterates almost all trace of gloss. 
Spire conoidal, with a blunt apex Protoconch rounded, obtuse, 
but its character is obscured by foreign growth upon it Whorls 
4, rapidly increasing, slightly convex, the last comparatively 
large, with a few longitudinal light swellings Suture impressed, 
not deep. Aperture oblique, large, squarish Outer lip sharp, 
indexed above and strongly angled at the periphery, reaching 
the pillar in a slight curve and at a right angle to it. Inner lip 
forming a narrow rounded callosity over the but-little-excavated 
columella, which ends in a point at the base and foms a small 
but distinct notch with the outer lip, which is slightly thickened 
m the proximity Altitude, 3 83 mm , diameter, 3*29 mm. 

Ohs, One empty specimen of this curious shell was obtained 
Mr. Hedley thinks it the greatest puzzle of the whole collection, 
and he offers two suggestions— (1) that it is a larval shell, 
(2) that, if adult, it may represent a new genus near lanihina 
We are more inclined to consider it as a larval shell. The 
colour and presence of an epidermis remove it from lanthim, 
but they would not exclude it from Uecluzia. However, the 
distinct angle of the outer lip and the but slightly convex whorls 
arc somewhat inconsistent with that genus, of whi( 5 h the young 
forms are unknown to us. Unfortunately we do not know the 
animal. We publish description and figures in the hope that 
some scientist may give us a clue to the true generic position, 

57. Ancilla, sp. 

A number of specimens oi an apparently new species were 
obtained, but none of them is perfect, and it is impossible to 
describe them. The species is very small ; length, about 6 mm. 

58. Typhis, sp. 

A very poor specimen turned up. It may be T yatei C. 
and F., but it is much sinaUer than that species, and in too bad 
condition for identification. It certainly is not T. zealandica, 
Hutt. 

59. Solarium, sp. 

A fragment only. 


60. Siphonalia, sp. 

A number of small dead shells, but they seem too vouna to 
deal with. “ 
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61. Cerithiopsis, sp. 

One dead imperfect shell, no doubt a new species, but not 
good enough to give a figure and description of it. 

62. Scala, sp. 

One dead shell, imperfect, about 6 mm. long, distinctly 
spirally lyrate and with quite irregular longitudinal folds. 

63. Eulima, sp. 

One small decollated dead specimen. Mr, C. Hedley re- 
ports on It, There arc several species like this, and I would not 
describe it unless a good series were available for study.” 

SOAPHOPODA, 

64. Dcntalium nanum, Hutton. 

A number of dead shells, some of them perfect, were dredged. 

65. Dentalium (Fissidentalium) zelandicum, Sowerby. 

A few nearly perfect shells and a number of fragments were 
got — all dead shells. 

66. Dentalium (Fissidentalium) huttoni, Kirk. 

Two small dead shells. 

67. Cadtilus, sp. 

One nearly adult and a few very small dead shells, insuflScient 
for description. 


Appendix. 

The following species, mentioned in our paper, have been 
dredged by Captain J. Bollons, of the Government steamer 
“ Hinemoa,” m 37 fathoms, oflE Cuvier Island, north by west * 
Pleurotoma (Hemi'deurotoma) nodiliraUii M. and S. ; Vid'pmda 
(Pusta) Uoonica, M. and S. ; Omalaxis amcma, M. and S. ; Adis 
semireticulata^ M. and S. ; Mindia plicatula, M. and S. 


EXPLANATION OP FIJVTES XXI - XXVH. 

Plat* XXI. 

Fig. 1. PhUine comtrickt, M. and S. 5 mm. by 3 mm. Suter del 
Pig. 2. „ wnbUicaiai M. and 8. 3*5 mm. by 2*25 mm. Suter del. 

Fig. 8. Cpliehm HmpleXf M. and S. 4*4 mm. by 2*2 mm. Murdoch del. 

Fig. 4. „ „ „ View of apex. Murdoch del. 

Fig, 3. Mingktda ddecta^ M. and S. 4*4 mm. by 2*0 mm. Murdoch del 
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Fig. 6 Actceon rrattciUainst M and S. 9 inra by 4’5 lurii Sutw del 

Fig 7 DaphncUa protema. Mutt. 8 mra by 3 2 mm Murdoch del. 

8 „ H M IVotoconoh Murdoch del 

Fig. 9 Drtllm optabiliH^ M and 8 107 mm by 3 9 mm Murdoch del 

Platk xxn. 

Fig. 10 Pfeurotonia nodUtrata, M. and 8 19*6 mm bv 8 5 mm Murdoch 

del 

Fig 11 Pleurotoma riodUtraUif M. and 8. From the Pliocene Murdo( h 
del 

Fig 12. Pkurotom/i alhcimta, M and 8 ir> 7 mm by 6 75 mm Mur- 
doch del 

Fig 13 Pleurotorm alhcinctat M. and 8 TVukiconch Murdoch del. 

P’lg 14 „ M. and 8 10 3mm by 3*9 mm. Murdcx'h 

del 

Fig. 15 Pleurotom'i avtgusta, M and 8 Showing Hinus Murdoch del 

Fig 16 „ M .. Piotoconch in profile Murdoch 

del. 

Fig. 17. PlmToionia augn^in^ M and S Protoconch from above Mur- 
doch del 

Fig 18. Pleurotoma eremtta^ M and 8 5 8 mm by 2 ‘4 mm. Murdoch 

del 

Fig 19. Pleurotoma eremila^ M and 8. Protoconch Murdoch del 


Plate XXllI 

Fig 20. Fdgurarta hedlcyt, ^ and S 61mm by 18 mm 8uter del 
Fig 21, „ M „ JVotoconch. Siiter del 

Fig. 22 Vtdpeevla btcontca, and S 6 mm. by 2*8 mm Sutei* del 

^ jusula^ M and S 0*9 mm by 3 1 mm Murdoch del 

Fig 25 \Marg%ndla hebasc^iM, M and 8 3 8 mm. by 2'1 mm Murdoch 

Fig. 26. j del 

Plate XXIV 

Fig. 27. Oryptospira fi<^ula, M and 8 3 5 mm. by 2“2 mm Murdoch 

del 

Fig, 28 Megalatractua maxim us. Try on Protoconch Suter del 

Fig 29. Dida mbcannata, M and 8 2*9 mm. by 1 mm. Murdoch del 

Fig. 30.1 

Fig. 31. ■07n4dax%9 amoma, M and 8 3 mm. by 1 mm. Murdoch del. 

Mg 32.) 

Fig 33 \Ad%8 aemireticvlata^ M and 8. 3 3 mm. by 17 mm. Murdoch 
Fig 34. del 

I^.ATE XXV. 

Fig, 35 Scala levifoliaiat M. and S 5 7 mm. by 1*6 mm. Murdoch del 

Fig. 36. „ ^ „ Protoconch. Murdoch del 

Fig. 37. Odostomia rmrgtnaia, M and 8, 4*6 mm. by 2*3 mm Murdoch 
del. 

Mg, 38. EvlhneUa levUircda, M. and 8 6 mm. by 1*4 ram. Buter del. 

Mg. 39. PyramideUa tenuipltcaia, M and S. 3*2 mm. by 0*8 mm. Mur- 
doch del 

Mg 40 Wtdima vegrandis, M. and 8. 0*9 mm. by 1*9 mm. Murdoch del. 
Fig* 41. , >» M Side view of body-whorl. Mur- 

oooh del 

Mg. 42. Eulima mfrapMa, M. and S 6 mm. by 2 mm. Murdoch del 
Mg. 43. •* hulhula, M. aad S. 18 mm. by 3 mm. Suter del 

Mg. 44. „ „ „ Protoconch. Suter del. 
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IWe XXVL 


1 MtnofKj textdi^, M and S 4 3 mm by 3 '8 rnm 
Fig 4b I 


Fig 47 
Fig 48 
Fig 49 


pUmiula, M and S i 5 mm by 3 mm 
in^TE XXVIl. 


Murdoch del 
Murdoch del 


Fig 50 ) CtmmeUa granum^ M and S 1 75 mm by 1 *75 mm Murdoch 
Pig 51 I del. 

Fig 52 rienufi (’) Dorsal surface 7 7 mm by 4 0 mm Murdoch del 

Fig 53 ,, Ventral surface Murdoch «lcl 

Fig 54 „ Nucleus, greatly magniHed Murdoch del 

Fig 56 Recldzia ap 3 ‘8 ram by 3 3 mm Murdoih del 


Art. XXXV — of Dredging on the Continental. Shelf of 

New Zenlund 

, By W. H. Webster, B.A 

(/ift/id before itw Awklmid JmtMuie, (Mh December, 190.")] 
fMato XXXVIII 

Mangilia murrhea (== fluor-spar), n. sp. Figs I, 1« 

Shell seinitransparont, white. Whorls including a smooth 
protoconch of one and a quarter whorls Sculpture : Longi- 
tudinal riba, stronger on the earlier whorls, weaker towards the 
last, which has about fifteen ribs extending to the suture ; these 
ribs arc crossed by faint spirals, the posterior or peripheral being 
the strongest, two on the second whorl, three above the aperture, 
a fourth on the body-whorl, beyond which the longitudinal 
ribs only persist a short distance. The whorls are tabulated 
above the periphery ; a 1 in. objective shows many subsidiary 
spiral striations between the main spirals. Suture well marked 
by a narrow overlapping of each whorl by the one following. 
The base has fifteen spiral strisQ. Aperture with a conspicuous 
ainus in the infrasutural tabulation, but there is no anal fasciole. 
The type is waterwom. Lengthy 5 mm. ; breadth, 3 mm. 

“ Allied to M. flexicoeUUa, Suter (H. 8.).’^ 

Mangilia infanda (» disreputable), n. sp. Fig. 2. 

Shell white, chalky. Whorls 6, rounded, including a smooth 
protooonoh of about one whorl and a half. Sculpture : Longi- 
tudinally vertically ribbed, the ribs strong right up to the 
auture and persisting faintly down the base ; body* whorl with 
about nine nbs. Strong spirals cross the ribs, two on the second 
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whorl, three above the aperture, a fourth and faint fifth on 
the body-whorl. The eutures of the early whorls are sharp 
of those succeeding concavely rounded. The base is spirally 
striated. The type is worn — ^the protoconch damaged, and the 
outer lip broken away for a quarter of a whorl. There are 
spiral striations between the main spirals, and these are strongest 
on the somewhat hollow infrasutural tabulation; there is no 
anal fasciole. Length, 6 mm. ; breadth, 3 mm. 

“ Near M. dictyota, Hutton (H. S ).’* 

Drilha multiplex, n. sp. Fig. 3. 

Shell fusiform, white, chalky Whorls 5, including a glossy 
protoconch of one whorl and a quarter , each whorl is tabulated 
below the suture, and the tabulation ends anteriorly m a pro- 
minent spiral thread , then follows a second tabulation, termi- 
nating in a row of oval gemmules, about fifteen on the last whorl ; 
just posterior to the gemmules is a fine spiral thread carrying 
the abruptly curved sharp threads of the anal fasciole ; these 
threads are regularly interspaced, elevated and very distinct on 
both tabulations ; they are covered by the first spiral, but over- 
ride the second with a sharp downward bend ; on the body- 
whorl they change their character, becoming mere striations, and 
more numerous than in the fasciole , in this respect they difler 
rom DriUta dileMa, Hedley. A second slightly gemmed thread 
appears on the body- whorl, and two fine spiral lines on the anterior 
tabulation. On the base are four strong spirals, and on the canal 
about ton much weaker. The lip is too much broken away to 
render reconstruction desirable Length, 5*5 mm. ; breadth, 
2*5 mm. 

I have just seen a recent shell dredged by Mr. C. Cooper off 
Poor Knights in 70 fathoms ; it is pale-pmk. 

Daphnella aculeata, n. sp Figs. 4, 4a, 46. 

Shell buff-coloured, lighter towards the apex and canal. 
Whorls 6, including a reticulated protoconch of one whorl and 
a quarter. Sculpture : Longitudinally and slightlj?' diagonally 
ribbed, the ribs crossed by two strong spiral kee&, nba and keeb 
about equal in strength, the intersections forming sharp points. 
The last whorl has upon the base four additional keels, the space 
between the two peripheral keels and the four on the base being 
greater than that between any other two ; a fine thread is visible 
m this wide spac^e, there is also a duplication of the posterior 
keel ; the last whorl has about twelve ribs. The sutures of the 
early whorls are sharp, those of the latter are concavely round. 
The columella descends verticaDy from the body-whorl The 
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canal, which is straight, has about eight faint striations. The 
space between the suture and the first spiral keel contains the 
anal fasciole ; a 1 in. objective reveals faint radial striations 
between the keels, also the reticulation of the protoconch. Of 
two shells before me I figure the smaller because it is almost 
perfect ; both shells have five whorls, but the larger has three 
keels instead of two, the third being introduced near the suture 
The sinus of the type is so little damaged that to draw it perfect 
can scarcely be called reconstruction Type Length, 5 mm. ; 
breadth, 3 mm Larger specimen Length, 6 mm, ; breadth, 
3*3 mm 

Newtoniella stiria (-icicle), n. sp. Figs. 5, 5a, 56. 

Shell acicular, pale-yellow, vitreous, with twenty fiat whorls, 
of which three represent the juvenile stage Aim. objective 
reveals one smooth and two sculptured whorls; the earlier of 
these two is finely radially ribbed, the latter has in addition 
spiral striations. The sculpture of the rest of the shell consists 
of three faintly jewelled spirals to each whorl except the last, 
which has four. The apex diminishes m diameter with the 
beginning of the definitive sculpture. Sutures scarcely marked ; 
base smooth ; columella spiral, white ; canal sharply turned to 
the left. The outer lip is damaged ; a side view therefore 
shows more of the columella than would otherwise be visible. 
Length, 9 mm, ; breadth, 2 mm. 

Triphora infelix, n. sp. Figs. 6, 6o, 

Shell of fifteen slightly rounded whorls with a five-whorled 
juvenile apex. Whorls 6 to 8, have two jewelled spirals, a third 
being introduced between the other two on the ninth, at which 
time also a line denoting a fourth spiral appears m the suture, 
developing into a plain spiral on the last whorl. Sculpture . 
Oval jewels almost vertically above one another, united longi- 
tudinally and spirally by a raised band, Protooonch keeled near 
the centre of each whorl and finely radiately ribbed. Sutures 
distinguislied by a slightly deeper groove ; base with two obscure 
spirals. Shell rotten, the ^erture broken beyond reconstruc- 
tion ; columella wanting. Gfeneral outline very slightly convex. 
Length, 6 mm. ; breadth, 1‘6 mm. 

Rissoia pingue (** plump), n. sp. Figs. 7, 7tt, 76. 

Shell white, of four and a half rounded but slightly flattened 
whorls, of which a very glossy protoconch occupies the first 
one and a half. Sculpture ; Fine spiral lines, three on the third 
and four on the body whorl above the aperture ; the spirals are 
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crossed by close-set longitudinal ribs as strong as the spirals^ 
they die out on a level with the posterior angle of the aperture, 
and the base has three spirals only. Columella vertically arcu- 
ated ; aperture diagonal-oval, a little angled where the outer 
lip joins the columella, behind which is a deep groove The 
outer lip 18 thickened externally, especially where it joins the 
body- whorl Length, 2 mm ; breadth, 1*25 mm. 

“ Near /? ^radaia^ Hutton (H. S ) ” 

Columbella daemona, n. sp. Figs. 8, 8a 

Shell dull, pale-cream colour with rufous markings. Whorls 
5, slightly rounded, of which the first is glossy without sculpture 
while the second is finely radiatelv striated Sutures well 
marked ; columella vertical, with a slight covering of enamel ; 
hp thin, with twelve faint denticJes Canal with about fifteen 
obscure striations, the entire shell with fine incremental strisB. 
Length, 7 mm ; breadth, 2 mm 

Columbella compta (=neat), n. sp Figs. 9, 9a. 

Shell white, with four rather glossy whorls, one of which is 
the shining protoconch Sculpture ('lose spiral cinguli crossed 
by fine incremental striae. There are no spirals visible on the 
earliest sculptured whorl Sutures well marked ; columella 
vertical , outer lip thin, devoid of denticles. Length, 3 mm. ; 
breadth, 1 mm. 


EXPLANATION OF PLATE XXXmi. 
Fig la. } murrhva, Webnler. 


„ tnfamla, Webster. 
Drtlha mnlhpleXf Webster. 

Dfiphnella actdeala^ Webster. 


Fig. 2 

Fig. 3. 

Fig 4 
Fig 4a 
Fig 4b 
Fig. 5. I 

Fig. ila [ Newtoniella stina^ W^obster. 
Pig. Tift.) 

Fig. tnfdtXf Webster. 

Fig. 7.* 

Fig 7a. 

Fig. 7b. 

Fig. 8. ) 

Fig. 8a. j 
Fig. 9. ) 

Fig. 9a. f 


Rudota ptngue, Webster. 

Columbella dwmonat Webster. 
„ eompta, Webster. 
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Art. XXXVI —Additions to the New Zealand Fauna. 

By W. H Wkbster, B A. 

[Itcad before the Auckland InMiiuJle, iSih December, 1905] 

Plak* XXXIX. 

Trochus camelophorus ( = rope-beanng), n. ap. Figs. 1, la. 

Shell ftolid, conical, rose-ooloured with darker markings 
of the same Whorls 5J, somewhat bulging at the periphery. 
Sculpture Rounded einguli with rope-like markings, three on 
the third whorl, then four, five above the aperture, six on th(‘ 
outer lip above the periphery ; between the third and fourth 
ropings on the penultimate whorl a narrow cingulus appears 
Protoconch two-whorled, smooth, watcrworn. Sutures marked 
by a deep groove behind the first roping of succeeding whorl 
Base with six flat spirals separate^ by a shghtly narrower 
furrow ; on these spirals are two or three subspirals The 
colouring only appears on the raised surfaces, it fades to- 
wards the false umbilicus, which is funnel-shaped, with two 
deep spiral grooves, the posterior of which does not reach the 
columella-edge The columella is nearly vertical, very slightly 
arcuated, and has what looks like a prominent tubercle near 
its insert/ion (it is really the end of a spiral fold) ; the ridge 
separating the two grooves is rounded and highly polished, 
^erture subquadrate , lip simple, advancing at the suture. 
Iheight, 1 cm. , major diameter, 12 mm. 

Hob. Cape Maria van Diemen 

Animal and operculum unknown. 

One specimen m my collection has the grooves m the funnel 
narrower and the dividing ridge wdder and slightly concave. 
The pink colour of this shell may be duo partly to exposure. 

Mr. C. Hedley very kindly compared the ty}>e with the 
Trochi in the Australian Museum, and writes, “ I should regard 
this shell as a very distinct now species.’* 

Trochus (Cianculus) takapunaensis, n. sp. Figs. 2, 2a. 

Shell with five slightly rounded whorls, of which one and 
a half are smooth. Sculpture ; Smooth rounded spirals, of which 
the two upper are close together and the others far enough 
apart to admit a fine spiral thread in the radially striated 
hollow between them ; above the peripheral spiral on the body- 
whorl is a narrower one which appeared in the suture of the third 
whorl. Colour yellow-grey, with very dark irregular patches 
all of which shade into white from left to right. Sutures deeply 
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grooved behind the succeeding whorl. Base with seven or 
eight spirals separated by furrows of the same width, colora- 
tion as above. False umbilicus deep, funnel-shaped, contracted 
at the margin by a spiral nb with occasional tubercles ; colu- 
mella arcuated, having a blunt tubercle on the funnel side, 
and a long fold transversely w^ound over the anterior end and 
passing into the shell. In my figure 2a the white extension 
near the body- whorl represents the spread of the columella 
at the point of junction. Aperture with numerous irregular 
denticles, some of them extending far into the shell. Height, 
5 mm. ; major diametor, 7 5 mm 

Hah, Takapuna, in shell sand. 

Mr. C. Hedley, to whom I sent this shell as T. nngena^ is 
good enough to reply, “ . . . too remote from that species 
to be worth comparing . . . Your shell has a close re- 
semblance to the Victorian C, jjlehetus I believe that the 
transverse fold on the columella, and the absence of a biplicate 
tooth at that point, separates this shell from C. 'jpleheiua^ and* 
also from C vanegatm. Ad , recorded by the late Professor 
Hutton (see Man N.Z. Mollusca, 1880, p 95). 


Trophon waipipicola, n. sp Figs 3, 3a, 35. 

Shell fusiform, grey, with seven whorls, of which one and 
a half form the protoconch, whudi is smooth, with a smooth 
keel on the last half-whorl Sculpture . A noduled keel on the 
second and third whorls, a second row appearing on the fourth 
and fifth in the suture , the body-whorl has three keels, the 
middle one being the smallest ; the nodules are lengthened m 
a spiral direction, and are situated on longitudinal buttresses 
which are faint towards the suture and the base. There are 
no spiral stria9 between the keels, such as one finds in Siphon^ 
alia dilatata, of which the shell is otherwise a mimature; the 
tabulation below the suture is plain ; on the base are four 
spirals, the lowest being the strongest The canal is straight and 
open, the extremity projecting beyond the pillar, on which are 
a few transverse folds Columella smooth, brown, arcuated and 
slightly concave. The horny operculum has the nucleus apical, 
and a projection on the inner side as in Siphonalia; the attach- 
ment scar 18 auriform. Dentition : Five cusps on straight 
plates narrowed anteriorly, the centre and two outside cusps 
being the largest; there is a reversely arched strengthening- 
ridge on each plate, and a similar small one above it ; the 
laterals are bicuspid, webbed up to the points. There are 
three slight folds on the outer edge of the canal. Height, 
1 cm. ; major diameter, 5 mm. 
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Hah Waipipi, on mud-flat. 

The operculum and sculpture of shell are similar to Siphon- 
alia; the dentition is nearer Trofhon. 

Phrixgnathus serratocostata, n sp. Figs. 4, 4a. 

Shell of four and a half rounded whorls, horny without 
markings ; the limitation of the coarse protoconch is not clearly 
defined, but there is a one-and-a-half-whorled smooth apex ; 
the body-whorl has twenty-one flanges, wide on the penpher)" 
and rapidly diminishing towards the suture, the entire length 
beset with close-set hooked teeth, turned towards the apex * the 
spaces between are clearly reticulated with revolving and in- 
cremental strisB ; the flanges arc not continued on the base, 
but are represented by striae of varying strength. Periphery 
bluntly angled; columella widely reflexed above, perforation 
about one-twelfth of the major diameter. Major diameter, 
1 mm. ; height, 0 75 mm. 

Hah Waiuku 

Two specimens, one with the animal ; but as my microscope 
does not easily separate very minute teeth I have deferred 
mounting the radula, and depended only upon shell charac- 
teristics. 

Unio (Diplodon) webstcri, Simpson. Figs. 5, 5a, 56. 

As this shell has not yet been figured, I give a careful pen- 
and-ink drawing, after accurate measurements both of outline 
and sculpture, I also at fig. 6 give a similar drawing of Di- 
plodon novw-hoUandiae^ Clray, for comparison. 

Mr. H. Suter* says, “ I consider Diplodon wehsteri as a D, 
menziesi in which the nodulous sculpture is developed to the 
highest degree.” If this is ccrrrect we should find every stag*^ 
of nodulous development ; such is, however, not the case as fa.' 
as I am aware. There is, I believe, nothmg between the mere 
indications of such sculpture in D. menziesi and the fully de- 
veloped Z). wdbsten. I have recently seen a single valve of thib 
shell in Mr. R. Murdoch’s collection : it was found in the Wanga- 
nui River. The hinge of Simpson’s species (which must not 
be confounded with Unio mbsterif Wright) is much more de- 
veloped than that of D. menziesi. The shell I have figured 
is the co-type, the type being in the Smithsonian Institute 
at Washington. I have other specimens in which the nodules 
are carried out to the anterior margin, and the outline approxi- 
mates more to that of the Australian shell, inasmuch as the 


* Trans. N.Z. Inst., vol. atxxvii, p. 280. 
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anterior andTlpostenor dorsal angles are much less apparent, 
thus narrowing the shell before and behind Old specimens 
are much more thickened within than D ineMziesx, and con- 
sequently much heavier ,] the nacre is also more brilliant, 
fl append the short description of this shell by Mr. Simpson 
Nautilus,” July, 1902) . “ Shell long, rhomboid, compressed 
or subcompressed, inequilateral ; beaks subcompressed, pointed, 
their sculpture apparently a few irregular lachrymose nodules 
arranged m a somewhat radial pattern ; surface with uneven 
growth-lines and impressed rest-marks, sculptured throughout 
with lachrymose nodules, which are often V-shaped, those 
along the upper part- of the low posterior ridge slightly 
knobbed ; epidermis dark olive-green clouded with lighter 
green, rather dull ; pseudo - cardinals small, subcompressed, 
granulose, two m each valve; laterals straight, two in the 
left valve, one in the right , muscle-scars small, shallow, and 
irregular , nacre bluish, lurid -purple near and in the beak- 
cavities, thicker lu front Length, 67 mm. ; height, 32 mm , 
diameter, 14 mm length, 62 mm ; height, 32 mm. ; dia- 
meter, 17 mm , . A new species apparently allied to 

D novcD’hoUandicp., Gray, of Australia, but smaller, less in- 
flated, and less solid than that species. In D. novw-IwilandKBiiie 
anterior one-third of the shell is almost destitute of nodules, 
in the present species the whole surface is C/Overed with them. 
These resemble somewhat those found in the Umo tubercu- 
latus^ Barnes, but are less elevated.” 

Turbo shandi, Hutt. (Astralnim Ind F.N.Z.) 

I recently received from Mr R Murdoch two specimens 
of this shell authenticated by the late Professor Hutton : they 
proved to be the young of Turbo granosus, Mart. 


EXPLANATION OF PLATE XXXIX. 

I Trochus camdophorm, Webster* 

2a [ takapuTUiefuus, Webster. 


Fig. ». 
Fig. 3tt. 
Fig. 36. 
Fig. 4 
Fig. 4a. 
Fig. 6. 
Fig. 5a. 
Fig. 56. 
Fig. 6 


Trophon imtptptcda, Webster. 
PkrixgmUhw senaiocodata, Webster. 

Unio {Diplodon) wehaterif Simpson. 
Unio [Diplodon) iwvm-hMandim^ Gray. 
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Art. XXXVII.— On the Anatomy of Paryphanta atramentaria, 
ShxMewofth. 

By R Murdoch. 

[Read before th WeRtvgton PhUosophicnl Sortety, 1th Dec^imbcr^ 1905 ) 

Plato XX 

An example of this handsome species was handed to the writer 
by Mr Charles Hedley of the Australian Museum, and for which 
best thanks are here tendered 

In shell characters this well-known Victorian species m 
typical of Paryfhania ; the shell consists very largely of conchin 
— in fact, with the exception of the apical w^horls, consists almost 
wholly of that substance. This is a feature quite in accord 
with certain of the New Zealand and Tasmanian species. The 
type of the genus, P. husbyi. Gray, is more largely built upl^of 
calcareous matter than any other member of the group that 
comes within my knowledge ; nevertbeless, it is enveloped m 
an exceedingly heav}^ coating of conchin. 8uter’*‘ has drawm 
attention to the predominance of this substance in the shells 
of ParyfUanta^ and it appears to be the one prominent feature 
characteristic of the genus, and by which it may be distinguished 
from the nearly akin Phyitda, 

The animal (preserved in alcohol) is a deep-blue, with a 
narrow area of yellowish-white around the margin of the foot. 
The rugtt) large, irregular, and not forming continuous rows. 
On the dorsal surface of the neck are two prominent lines or 

S ’ooves which proceed from the head back under the mantle. 

pon the tail there appears to be no median groove, the rugsE) 
18 a trifle smaller and less pronounced than on the neck and 
sides. The footsole whitish, and contracted into numerous deep 
folds — in life it is doubtless much expanded. The mantle- 
margin yellowisli-white, a somewhat prominent lappet at the 
respiratory and anal pores, also a smaller one towards the left 
side. The head of the animal is much drawn hi, and the labial 
projections are not discernible ; the tentacles are also completely 
retracted. 

Internal .4»io^owy.~~The buccal mass (figs. I, 2) has the 
usual form in this group of animals ; it is large and muscular, 
with the posterior end curved down and forward. The retractor 
mUbole is a large, powerful structure ; it has no attachment 
with the posterior end of the buccal mass, or, to be more correct, 
what appears to be the posterior end (fig. 2), but is applied to 

“ Journal of Malacology,** 1899, vol. vii, pt. 3, pp. 49, 50. 
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all sides except a narrow dorsal area. The greater portion of 
the retractor goes to the ventral side, where it forms a well- 
defined dense mass (fig. la). Proceeding anteriorly from this 
mass are strong widely spreading muscular bands, which en- 
velop the ventral and lateral areas of the buccal mass The 
posterio “ lateral attachments of the retractor muscle are con- 
tinuous with the ventral attachment, and sweep up on to the 
dorsal surface, when, proceeding forward, they coalesce and 
form a thin envelope. On either side immediately above the 
ventral muscular mass is a small area in which the constrictor 
muscle 18 not enveloped by the external muscular sheath (fig. 16), 
on each area is a well-marked flexure, which on dissection 
proves to be the junction between the curved down and forward 
posterior portion of the buccal mass and that immediately 
above ; the two parts are woven together ; the odontophoral 
cartilage and accompanying muscles curve down and terminate 
m this area, which must be regarded as the true posterior ter- 
mination of the buccal mass The form of attachment of the 
retractor muscle proves to be somewhat variable in the different 
species. P. fumosa. Ten -Woods,’*' a Tasmanian species, presents 
a markedly different condition from what obtains in P. huahyi 
and P. hochstetten ; while the species under notice, though nearer 
to the condition of the New Zealand species, forms a connecting- 
link with P. fumosa. 

The radula is about 23 mm. in length by 5 mm. in width, 
and is armed with 105 transverse angular rows of teeth. The 
number of teeth per row is somewhat vanable ; towards the 
posterior end of the radula, where they form an acute angle, 
we get the fonnula 66-0-66, while on the middle portion 63-0^3 
appears to be the more usual number Suter refers to this 
species in his description of P. edivardi,^ and gives the formula 
60-1-50. The absence or presence of a rachidian tooth in this 
genus IS not a matter of mucli importance ; in the radula before 
me it is certainly non-existent The tooth on either side of 
the central cleft (fig. 3) is minute and probably functionless; 
the succeeding teeth large, all aculeate, gradually increasing in 
size ; thence uniform for a considerable number, when they again 
gradually become shorter; finally, towards the margin (fig, 4), 
short and robust. 

The oesophagus (m,) enters the buccal cavity in the anterior 
third ; a salivary duct (s.a.) on either side of the oesophagus 
empty into the cavity. The salivary glands {a.g.) are snfall 
and almost completely fused together. The stomach and tract 


♦ Trans. N.Z. Inst., vol xxxvi, pp 156-61, pi, vi, 1903, issued 1904. 
t Proo. Mai. 8oc. bond., vol, lii, p. ‘290. 
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of the intestine are similar to other members, and call for no 
special mention. 

The nervous system, with regard to the position of the several 
ganglia and their connectives, is identical with other species 
of the genus. The same may be said of the muscular system, 
in so far as the form and position of the principal muscles, with 
the exception of the form of attachment of the buccal-mass 
retractor, which has already been dealt with. The right-tentacle 
retractor passes between the branches of the genital system. 

The pedal gland forms a long, narrow, much-folded tube, 
resting upon the floor of the body-cavity, its posterior end 
imbedded in the muscles of the foot, to which it has a muscular 
attachment 

Generative Organs (fig. 5).— The penis forms an elongated, 
club-shaped organ, with the retractor muscle inserted at the 
apex. The vas deferens arises near to the distal end of the 
penis; proceeding forward it is for some distance attached to 
the wall of the male organ, adding to the club-shaped appear- 
ance of the latter ; thence free, and reduced to a very slender 
tube until it rests upon the anterior portion of the oviduct. 
From this point it becomes somewhat more prominent, and 
finally forms a sac-like enlargement as it enters the posterior 
termination of the free tube of the oviduct. The interior walls 
of the posterior portion of the penis, and the attached portion 
of the vas deferens, are clothed with minute papillao-hke struc- 
tures. The receptaoulum semmis arises from the free oviduct 
where the latter becomes merged in the sacculations of the 
uterus. It arises as a small sac, which in the natural position 
of the organs is enveloped by a large fold of the utenis, thence 
reduced to a slender tube, and terminating in an oval-shaped 
enlargement tucked in at the base of the albumen-gland. The 
albumen-gland is a large, irregularly ovate mass ; from it pro- 
ceeds the hermaphrodite duct, which is somewhat convoluted. 
The hermaphrodite gland consists of three or more follicular 
masses imbedded in the right lobe of the liver. These structures 
are difficult to follow, as in colout they are similar to the sur- 
rounding mass. 

PaUial Organs (fig. 6).-- The kidney is shortly tongue-shaped, 
narrowed anteriorly, and curved to the left, with the pericardium 
resting against the left concave margin. In length it is about 
one-third greater than the pericardium, and less than half the 
length of the lung. The ureter follows the margin of the kidney 
ana opens into the right posterior comer of the lung, close to 
the rectum. The venation of the lunp is beautifully clear and 
distinct, due to its pigmented condition. In the figure given 
no attempt has been made to delineate the finer details, which 



816 


TranBactiom . 


includes the delicate network of connectives between the efferent 
and afferent branches On the rectal side of the lung are nume- 
rous efferent and afferent vessels, uniform in size and finely 
branched , while on the cardiac side, in addition to some small, 
short tributaries, are four strongly marked and much-branched 
veins The posterior of these veins, which unites with the great 
pulmonary vein a little anterior to the junction of the latter 
with the auricle, is much the largest , it divides into two promi- 
nent branches, each with numerous lesser tributaries The 
afferent vessels m this area are correspondingly large and much 
branched. 
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Art. XXXVIII.-— iVotefl on New Zealand Mollusca, wiih De^ 
scriptions of New Species and Subspecies. 

By Henry Suter. 

Communicated by A. Hamilton. 

[Read before the Wellington PhiloHophical Society^ Mh Oclohcr, 1905.] 
Plate XVIII. 

Meleagrina radiata, Lamarck (1836). 

Lamarck, Anim. s. vert., 2nd ed., vol vii, 1836, p. 107. 

Specimens of this shell were found at the Kermadec Islands 
by Captain S. Bollons, and I am indebted to Professor W. H. 
Dali, of Washington, for their identification. 
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Pecten imparvicostatus, Bavay (1905), 

Pecten australis^ Hutton, Journ. de Conch., vol. xxvi, 1878. 
p. 54 ; Man. N.Z. Moll , 1880, p. 171 (not of Sowerbv) 
Pecten aaperrinw^, Hutton, Proc. Linn. Soc N.8 W., vol. ix , 
1884, p 531 (not of Lamarck) ; Suter, Trans. N Z Inst., 
vol. xxxiv, 1902, p 223 ; Index FaunsB N.Z., 1904, p. 93 
(not of Lamarck) Pecten imparvicostatm, A Bavay, Joiim. 
de Conch , vol. liii, 1905, p. 23, pi u, figs G, 7 
Hah Novae- Zelandise mare. Collected by Dr. Gall, of H.M.S 
“ Archeron ” (Bavay) : Cape Maria van Diemen ; Hauraki Gulf ; 
Nelson; Foveaux Strait; Chatham Islands. 

Type m the British Museum 

This species is the Pectefi aefernmus of New Zealand con- 
chologists. According to Bavay it stands nearest to P akimos 
( = hednallt^ Tate), and also shows some alfinity with P hi- 
fronSf Lamk. ( ~ tasmanicuSy Ad. and Ang ) and P Iwidm, 
Lamk. ( = tegula. Wood). 

P. gemmulatAis, Reeve, is in my opinion an intermediate 
form between P zelandtw, Gray, and P tmparvicostatus, Bavay. 
The upper* valve shows more or less characters of P. aspern- 
mm, Lamk., but the lower valve is very different, and it never 
attains the size of the latter. 

M 3 rtilus canaliculus, Martyn (1784) 

Mytilus canaliculus, Martyn, Univ. Conch , vol. ii, 1784, fig. 78. 
MytUus lotus (novm-zedandiw), Chemnitz, Conch. Cab., vol 
viii, 1785, p. 167, pi. Ixxxiv, fig. 747. 

As Chemnitz is not binomial in vol. viii, we have to use 
Martyn’s name, which, moreover, has priority. Although his 
figure 18 said to bo not very good, yet he states that the 
specimen came from New Zealand, and it is undoubtedly, as I 
am also assured by Mr. Hedley, the same species as Chemnitz’s 
M. lotus, 

Cardita calyculata, Linn6 (1767). 

Chama calyculata, Linn6, Syst, Nat., 1767, p. 1138 ( « Cardita 
aviculina, Lamarck, 1819 ; C, exoamta, Deshayes, 1852 ; 
0 . tasmanica, T.-Woods, 1876), 

For full synonymy of the species see Pritchard and Gatliff, 
Proc. Roy. Soc. Viotona, vol, xvii (n. s,), 1904, p. 234 

Vencricardia corbis, Philippi (1836). 

Cardita oorUs, Philippi, Enum, Moll. Sicilies, vol. i, 1836, p 55 
( » unidentata, Basterot). 

A Pliocene fossil of south Italy, found living in the Adri- 
atic, Mediterranean, and ofi the Canaries, in deep water 
(562 fathoms, “ Challenger ” Bxped.). 
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Specimem of this shell, kindly named by Professor W. H, 
Dali, were dredged off Little Barrier Island m about 20 fathoms 
by Mr R. H. Shakespear. This forms a very interesting ad- 
dition to the fauna of New Zealand. 

Dosinia coerulea, Reeve (1850) 

Artemis ccsrulea. Reeve, Conch. Icon , vol, vi, 1850, fig. 25. 
Dosinia cairulea^ Pritchard and Gatliff, Proc. Roy Soc. 
Victoria, vol xvi (n s ), 1903, p. 133 
The first valve I ever saw of this shell was obtained near 
Nelson. Later on a number of specimens, but all empty shells, 
were collected by Mr. A. Hamilton, Director of the Colonial 
Museum, and he very kindly gave me a few examples These 
were kindly named by Professor W. H. Dali. I reproduce 
here the diagnosis given by Reeve . — 

The blue- tinged Artemis * Shell orbicular, convexly tumid 
in the middle, posteriorly slightly angled, thick, concentrically 
finely elevately striated, area of the ligament rather broadly 
excavated, lunule cordate, whitish, tinged with pink and blue 
towards the umbones. 

Hah. Raine’s Island, Torres Strait (Captain Ince). 

“ A solid species in which the concentric stnsB are not more 
prominent at the sides than elsewhere, whilst the delicate pink 
and blue colouring about the umbones is characteristic.” 

The specimens I have seen had lost the pink and blue colour- 
ing, being so-called ” dead shells.” The species also occurs 
at Port Phillip and Western Port, Viotona, but it seems to 
be a rather rare shell. 

Tapes fabagella, Deshayes (1853). 

For full reference see Pritchard and Gatliff, Proc. Roy. Soo. 
Victoria, vol. xvi (n. s.), 1903, p. 134. 

This species has turned up m a gathering from Island Bay, 
Cook Strait, and has to be added agAin to the list of New Zea- 
land MoUusoa (Hedley, Records Austral Museum, vol. v, 1904, 
p. 89). 

Tellina angulata, Hutton (1886). 

Hutton, Trans. N.Z, Inst., vol xvii, 18M, p. 322 ; Pliocene 
Mollusca of N.Z., in Macleay Mem. Vol, 1903, p. 80, pi. ix., 
figs. 86, a, b. 

Several valves of this shell were collected near Stewart 
Island, and two kindly given to me by Mr. A. Hamilton a good 
many years back. They are light-brown-oolouxed, but oSier- 
wise there is no difference between these recent valves and 
those from the Pliocene of Wanganui. There is a sbght error 
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to correct in Captain Hutton’s diagnosis— viz , the posterior 
cardinal of the right valve, and the antertor cardinal of the 
left valve, are bifida as will be seen from the figure of the left 
valve (fig. 866). 

Mactra ordinaria, E. A. Smith (1898). 

Mactra Irtangidare^ Hector, Cat Col Museum N Z , 1870, p. 173 
(not of Lamarck). M. elegans, Hutton, Cat. Tert. Moll. 
N.Z., 1873, p, 19 (not of Sowerby, 1825). 

In the “ Pliocene MoUusca of New Zealand ” Captain 
Hutton puts his M. eleqans as a young form of M. wqudateralis, 
Desh. I compared specimens from the Pliocene of Wanganui 
with ray co-t 3 r])e 8 of Smith’s species, and found them to agree 
in every detail. 

Mactra lavata, Hutton (1885) 

Index Faun® N Z., p 90. 

I have examined a specimen obtained by Mr A Hamilton 
at Petane, and gone over the description and figures m the 
“ Pliocene MoUusca of New Zealand,” and arrived at the con- 
clusion that it 18 not a Mactra, but merely a young form of 
SiandeUa ovata. Gray, of which it therefore should be consideied 
a synonym. 

Mesodesma australis, Gmelin (1792). 

Mya novohzedaniim, Chemnitz, Conch. Cat., vol. vi, 1782, p. 30, 
pi. iii, figs. 19, 20. Mya australis, Gmelin, Syst. Nat., xiii, 
1792, p. 3221. 

Chemnitz being polynomial in vol. vi, the name used by 
Gmelin has to be adopted. 

Corbula macilenta, Hutton (1873) 

Corbula macilenta, Hutton, Cat. Tert. Moll N.Z., 1873, p. 18. 
(1) Corbula erythrodon, Von Masrtsens, Grit. List. KMl. N.Z., 
1873, p. 41 ; Hutton, Joum. de Conch., vol xSM* 1878, 
p. 44 ; Man. N.Z. Moll, 1880, p. 186 ; Proc. laifeft. Soc. 
N.8.W., vol ix, 1884, p. 513 ; PlioosnO Moll NJJ., 1898, 

L 74 ; Suter, Fauna Nov®-Zealand., 1904, p. 88 (not ol 
narck). Corbula pura, Webster, Trans. N.Z. Inst,, vol 
xxxvii, 1905, p. 279, pi x, figs. 12, 12a. 

The late Professor Von Martens was very doubtful atrnut 
identifying our species with the Japanese C. eryihrodon, Lamk. 
Mr. Hedley, in his ^per on the Pdeoyp^ dredged in 
no fathoms off Great Barrier Island (tiiiis volume), points out 
that the New Zealand species hitherto known as C. erythrodon 
is very different from Lamarck’s species, and that it should be 
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struck off the New Zealand list Having now read Lamarck’s 
diagnosis I fuDy agree with Mr. Hedley, and as Hutton’s name 
macilenta is available it has to take the place of erythrodon. 
Webster’s 0. pura I do not consider as a distinct species: the 
radiate striation is more or less distinct in all specimens of C 
macilenta that came under my observation, and its greater 
predominance, together with more regular concentric stria- 
tion, can hardly be considered as sufficient reason why it should 
be regarded as a species different from macUenta. Unfortu- 
nately, the Rev. Mr Webster took the anterior for the posterior 
margin, and the right for the left- valve in consequence. 

Chiton huttoni, n sp. Plate XVIII, figs. 1-6. 

Gemral —Shell oblong-ovate, angularly raised, 

valves striated throughout, jugum smooth, girdle with rounded 
scales , riilour yellowish-obve, dull to dark green or bnek-red ; 
mtenor whitish 

The flatly convex anterior valve has seventeen to twenty- 
four subequal riblets reaching to the apex, and broken up by 
concentric rugee of growth ; sometimes a few riblets are inter- 
spersed which do not extend to the apex ; the latter is smooth, 
and mostly a little excavated postenorly. 

The intermediate valves have the jugum smooth, projecting 
a little behind ; the pleural tracts have about twenty to twenty- 
five furrows on each side, which near the central area are narrow 
and not deep, but usually widening and deepening on ap- 
proaching the margin Sometimes they are in breadth equal 
to the riblets, but in some specimens they are narrowei. They 
extend the whole length of the pleural areas. The lateral areas 
are strongly ribbed, the ribs broken up by the cjontinuance 
of the grooves on the pleural tracts. Their number is very 
variable — ^the usual number is three to four, but sometimes as 
many as five are found — and some of them may be divaricating, 
which, however, is not the rule. 

The posterior valve has the macro very little behind the 
middle, the central area is flatly convex, with the same fur- 
rows as the pleural tracts of the intermediate valves ; the pos- 
terior slope is concave, and the posterior area has eighteen to 
twenty strongly granose riblets reaching up to the apex. 

The girdle bears roundish medium-sized and compactly 
imbricating polished scales, which under a powerful lens show 
faint striation. 

The colour is very variable , the most common is yellowish- 
olive, then dull-green is met with, and one of these specimens 
has the end valves blackish-green ; one specimen is brownish- 
blaek, and one brick-red. The girdle has the same colour as 
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the valves , sometimes dark bands of variable width and ir- 
regular m distribution may be seen. 

The interior is mostly bluish- white, pinkish -white in the 
red specimen. The sinus is deep and narrow, pectinate. The 
slits on a specimen I disarticulated arc . head-valve 9, inter- 
mediate valves 1-1, posterior valve 15 All teeth are blunt 
and pectinate , those of the tail- valve are very unequal in 
breadth The valve-callus is rather prominent 

Divergence, 11 5*^ Length, 34 mm ; breadth, 20 mm. 

Hah — Near Dunedin ; collected by Mr A Hamilton, now 
Director of the (\)lonial Museum, who kiiidlv gave me a few 
specimens many years back. 

Type m mv collection 

Remarks — It is at the special request of Miss M K Mestayer, 
of Wellington, that this mollusc is named m honour of Captain 
Hutton, F R 8 , &c , in acknowledgment of his c.ontimioua 
very kind help she had the honour to enjoy in her concholo- 
gical studies Miss Mestayer found a number of years back 
a Chiton at T^vall Bay, which Captain Hutton and myself then 
thought to be a new species, and lately Miss Mestayer kindly 
lent mo the 8|)ecimen for description, under condition that it 
should bear Captain Hutton’s name, to which I, of course, with 
greatest pleasure agreed. How'ever, on closely examining the 
specimen 1 found it to be a red-coloured niutatio of Chiton 
vpfeus^ Reeve, one of our rare species. I am very glad indeed 
to have, nevertheless, an opportunity to comply with Miss 
Mestayer ’s wish and unite the name of our honoured leader 
in natural history with the species. 

1 once sent a specimen to Mr. E. R. Sykes in London, asking 
him to be good enough and compare it with the of Reeve’s 
(Breus in the British Museum He, with his usual kindness, 
however, informed mo that it was not the supposed species, 
but seemed to agree with a specimen in the British Museum 
from New (Caledonia which bears the manuscript name perpunc- 
taim^ (^r. I do not doubt for a moment the well-known groat 
ability of Mr. Sykes, but, considering that the affinities of the 
marine Mollusca of New Caledonia and New Zealand are very 
slender, and having no material from the former country for 
eompariBon, I thought it advisable not to take up that manu- 
script name There may be differences between the two species 
which a short examination would not reveal. 

Chiton huttoni is in its sculpture nearest allied to C canalt- 
oulatuSf Q. and Q., C. eereus. Reeve, C. limans^ Sykes, and 
C, stangeri^ Reeve ; but the diagnosis and figures now given 
will easily help to separate it from the other species I have 
not seen it yet from any other locality. 

11*— Trans. 
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Helcioniscus mestayerae, n. sp Plate XVIIT, figs. 7-9 
Shell solid, oval, slightly narrower in front, depressed-com- 
oal ; apex at about the front fourth, sharply pointed Sur{a(5e 
sculptured with numerous (about fifty) broad depressed radiat- 
ing ribs which are crossed by fine concentric striee Colour 
dark-olive with rather distant indistinct bluish-grey radiating 
bands. 

Interior bluish-grey, with a silvery lustre. There arc at 
irregular intervals about eleven broad radiating areas with chest- 
nut-coloured spots and patches, sometimes arranged in a divari- 
cating pattern ; between these areas are several radiating bauds 
of an alternately darker and lighter grey colour. These charac- 
ters are very distinctly visible when the shell is held up against 
the light, and give it a very beautiful appearance. The central 
callus 18 well defined, its <;olour m reddish-orange, lighter near 
the margin, finely and minutely dotted with yePow The 
muscle-scar is about 3 mm broad, but slightly impressed 
Length, 49 mm ; breadth, 39 mm ; altitude, 14inin 
Hah . — Stewart Island 

Type in Miss Marjorie K Mestaver’s cabinet. 

I have great pleasure in naming this beautiful species in 
honour of our most enthusiastic conchologist, Miss M. K. Mes- 
tayer. 

The animal is unknown It is quite distinct from any New 
Zealand species of Helcioniscus 1 have seen, but the general 
characters approach those of // radians, 6m., more than of any 
other species. 

Haliotis australis, Giuelin (1792). 

Haliotis TugosO’flkata, Chemnitz, Conch. Cab., vol. x, 1788, 
p. 311, fig. 1604,. Haliotis australis, Qmelm, Syst. Nat., 
xiii, 1792, p. 3689 

The above-quoted volume of (’hemnitz being polynomial, 
the name given to the species by Gmehn should be used. 

Haliotis virginea, Gmelin (1792). 

For the same reason, Gmehn instead of Chemnitz should 
be recognised as author of the species. For both data I am 
indebted to Mr. Hedley. 

Fissurclla huttoni, nom. mut. 

Fumrdla squamosa, Hutton, Oat. Mar. Moll. N.Z,, 1873, p. 42. 

The specific name squamosa being preoccupied by Deshayes, 
I propose to name the only New Zealand species of the genus 
in honour of Captain F. W. Hutton, F.B.8., iwi. The type is 
in the Colonial Museum. 
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Turbo shandi, Hutton (1873). 

I had an opportunity of examining Captain Hutton’s type 
specinieiifi in the (\)lonial Muaeum, and I found them to be un- 
doubted young Bpccimens of 7'urho granosm^ Martyn. 

Turbo helicinus, Born., subsp tricostata, Hutton. 

Turbo Hmaragdm, Martyn, var tneostatus^ Hutton, Proc. Linn 
Sot*. N.S.W, vol ix, 1884, p 355. Turbo (Lunella) radtna^ 
Webster, Trans N.Z. Inst., vol xxxvii, 1905, p 277, pi. ix, 
(igs I 15. 

The nealogK* stage of this subspeeies had hitherto escaped 
the notice of conchologists, but this beautifully sculptured shell 
has now been described and figured bv the Re\. Mr W^ebster 
under the name ol T, radina It is to be regretted that Webster 
bestowed a new specific name on this little shell, as further 
investigation with ample material at hand would luiv’e shown 
him that the form is not adult and not new at all The larger 
shells of T hdtnnus and it-s subsjiecies hav(‘, as a rule, the 
first four or five whorls so much enxled that nothing whatever 
of the neanic sculjiture can be discovered ; but 1 have specimens 
in my collection which show quite unmistakably the peculiar 
sculpture of the young shell, especially the spiniform projections 
on the suture. I collected a few^ spemmens of T radtna at Taka- 
puna having a diameter from 2*5^5 mm., and thepe I used for 
comparison with larger shells. In specimens with about four 
whorls there is still a perforation left, but with further growth 
the umbilicus is perfectly sealed up. On examples from the 
Hauraki Gulf the ribs verv soon disappear, the whorls becoming 
quite smooth, but on shells collected in Lyttelton Harbour the 
ribs persist on specimens of about 25-30 mm diameter I am 
of opinion that further investigation will show that all young 
shells of T hdtcinus are tneostate. The subgenus LuneUa^ 
Bolten, 1798, used by Webster should be replaced by Marmo* 
rostoma, Hwainson, 1840, as most conchologists reject the names 
proposed by Bolten. 

|Trochus (s. str.) conus, Gmelin 

Syn. T, rtcuton(/MZu«,|Chemnit 2 (not binomial) ; T datm, La- 
marck 

A very young specimen of this to me unknown shell was 
found a few years ago by the lighthouse-keeper of Cape Maria 
van Diemen, and kindly presented to mo. As usual in such cases, 
there was no literature and no comprehensive collection at my 
disposal, and I again availed myself of Professor W. H, Dali’s 
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great kindness for identifying the specimen The species is 
said to occur at the Philippine Islands, and its turning up on 
the northern shore of New Zealand i« rather surprising. 

Nerita melanotragus, E. A. Smith (1884) 

There has been much confusion about the names bestowed 
upon the common black Nerite of Australasia Some years ago 
I asked Professor Von Martens about his opinion on the subject, 
and ho told me that Gray was the first to use the Latin name 
mgra for our shell, and as he indnuited its native country there 
would be no doubt about the species, and N nigra. Gray, should 
bo used. I accepted Von Martens's opinion, but; last year, when 
I had the pleasure of Mr Hedley's visit, we discussed the sub- 
ject, and he strongly advocated the no-doubt-correct view that 
the same name should be used for the New Zealand shell as for 
that of Australia and Tasmania To finally settle the point 

1 wrote to Professor W H Dali, asking him which name he 
would recommend to be used With the usual great courtesy 
the following reply was sent to me “ I think I should use 
mdanotroffus. The specuss of Quov and (iaimard, Nerite noirdtre, 
which Gray (in Dieifenhach) latinized as Nerila nigra, and 
identified with the New Zealand shell, according to Von Martens, 
was of unknown locality, and might not really be the same as 
Dieffenbach’s sludl. There is some little doubt about the identity 
as well as the 8ufficien(‘y of the diagnosis, and I think I should 
prefer the name about which no doubt exists Then there is 
an earlier Nerita nigra (Dillwyn, 1817, following Chemnitz, vol. v, 
p. 2015), perhaps a variety of N hifascuita, Gm., which would 
8(iem to preoccupy the name ” This opinion is perfectly in 
harmony with that expressed by Medley (Proc Linn. Soc. 
N.S W., 1900, pp. 500-2) For the synonymy of the species 
see Pritchard and Gatlifi, Proc Roy. Soc, Victoria, vol. xiv 
(n 8.), 1902, p. 95 

^ Eulima treadwelli, Hutton (1893). 

Etdima micans, Hutton, Trans N.Z Inst., vol. xvii, 1885, p. 318 

(ij.ot of T.-Woods). Eulima treadwelli, Hutton, Pliocene 

Moll. N.Z., in Macfcay Mem Vol , 1893, p. 55, pi. vii, fig 42. 

Recent specimens were collected near Stewart- Island, and 
some kindly given to me by Mr. A. Hamilton. The smaller 
specimens have six whorls and a length of 4 mm., as mentioned 
in Hutton’s diagnosis, but two are considerably ktger, one 
having seven, the other eight, whorls, the latter measuring 

2 mm. by 6 mm. 
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lanthina ianthina, Linne (1758) 

Mr Hedley kindly informed me that Linn6 bestowed the 
above name on the species commonly known as /. fragdu, 
Lamarck, 1801, and, having priority, should be used instead, 

Astrahum sulcatum, Martyn, subsp davisu, Htowe 

Imferafor dnvmi, Stowe, Trans N Z Inst , vol iv, 1872, p 218. 
Uisdla JciNmannsegi, Zelebor, Verhaiidl Zool. Bot. Gesellsch 
Wien, vol XVI, 186(1, p. 913 , Reise der “ Novara,” Moll , 
pi. 1 , fig 11 : Hutton, Cat Mar Moll N Z., 1873, p. 28, 
Mart>ens, Crit List Moll. N Z , 1873, p 28 Ihsella aurata, 
Hutton, Journ de Conch., vol xxvi, 1878, p 27. Risdla 
melanosioma, Hutton, Man N.Z. Moll, 1880, p 79, Riiter, 
Trans N Z lust , vol xxxiv, 1902, p 215 , Index Faumr 
N.Z , 1904, p 79 Asiraltum fyramid^de, Webster, Trans 
N.Z. Inst., vol xxxvii, 1905, p. 276, pi ix, figs 2, 2(i 

The prevailing tendency amongst conchologists to collect 
only, as far as possible, adult specimens has led to the neglect 
of the study of earlier stages ol many of our shells There is 
no doubt that some of these young forms show characters 
which in the adult are often more or less obliterated bv corru- 
gation, &c. Two instances are already mentioned in this paper 
— viz., Turbo shandi and Turbo radtna. The specimen described 
by Zelebor was no doubt obtained in Auckland Harbour , ex- 
amples were also collected by Mr. T. F Cheeseman, Rev. Mr 
Webster, and myself at Takapuna, but apparently all dead shells 
As far as I know tlie genus BtstUa is littoral, and it puzzled me 
for a considerable time why our species should not be found 
alive at Takapuna, The shells I found appeared to be young 
forms only. Through the kindness of Mr W. L May I got a 
number of Tasmanian young specimens of Risdla mdanostoma, 
and on comparing these with our supposed Risella of the same 
size I found the two decidedly distinct ; also, the R, kidmann- 
segi recalls the habitus of R. mdanostoma, as was already 
pointed out by Zelebor. Some time back I found at Takapuna 
and Narrow Neck young live shells of Astrahuw sulcatum, subsp. 
datmit, and comparing these with the specimens of R. kidmann- 
se^i I found them to perfectly agree. Whenever a specimen 
with the calcareous opercjulum was found it was thrown away 
again, every oonchologist recognising at once that it was only 
a young Astralium, and they were never carefully compared 
with the dead shells of the supposed Risdla, 

The genus Risdla has therefore to be omitted from the list 
of New ^aland Mollusca, The Pliocene R, mdanosioma, how- 
ever, is undoubtedly that species, now extinct in New Zealand. 
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Analthea hexagona^ n. sp. 

Hip'ponyx cornucopicp, Hutton, Cat. Mar. Moll N.Z , 1873, p. 32 
(not of Lamarck), Htjrponyx auslralts, Hutton, Jouni. de 
Conch , vol. XXVI, 1878, p. 30 ; Man. N.Z Moll , 1880, p. 88 ; 
Proc. Linn, Hoc. N.S.W., vol. ix, 1884, p. 939 (not of La- 
marck) 

This species differs from //. australis, Lamk , in the more 
or less distinct hexagonal, rarely pentagonal, outline of the 
aperture. The interior has a hght-grcen central area, which is 
cinereous or brown in australis, and the margin is light-purple. 
The radiate riblets, similar to those of australis, are mostly 
visible only on young specimens ; adult shells are strongly 
corroded, but incremental lines are sometimes visible The 
greatest diameter of the aperture of my largest specimen is 
22 mm. ; the altitude is extremely variable 

Ilab — A rock in Tauranga Harbour, and Chatham Islands. 
Type m my collection. 

Calyptraea novae-zeelandiae, L<588on (1830). 

Crepidula (Sitjapatella) novee-zedandm*, Lesson, Voy. de la “ Co- 
quille,” Zool , vol. ii, 1830, p. 395. Calyftrma rmculaia^ 
Quoy and Gaimard, Voy Astrol , Zool, vol iii, 1835, p. 422, 
pi Ixxii, figs. 6--9. 

The name of Quoy and Gaimard being used by the majority 
of oonchologists made me quite forget that Lesson’s name has 
priority Although his diagnosis was not accompanied by a 
figure It 16 quite sufficient to identify the species. 

Calyptraea ^Calyptropsis) alta, Hutton (1885). 

Trochita alta, Hutton, Trans N Z. hist., vol. xvii, 1885, p. 329. 
Caly'ptrcea alta, Hutton, Pliocene Moll. N.Z., in Macleay 
Mem. Vol, 1893, p 62, pi. vii, figs. 59, a, 6. 

There are three convex rapidly increasing whorls, ornamented 
with well-marked rugose growth-linos ; colour light-brown ; 
aperture rotundate-oval ; septum sinuated near the false colu- 
mella ; the interior whitish-brown, light-brown radiate bands 
are sometimes to be found on the septum ; subperforate, only a 
small chink being left. Diameter : maximum, 32 mm. ; mini- 
mum, 29 mm. Altitude, 23 mm. 

It will be seen that the recent specimens are larger than the 
fossil ones (25 mm. by 16 mm ). 

Hob . — A number of specimens, mostly with broken septum, 
were collected by Mr. McGahey, former lighthouse-keeper at 
Cape Maria van Diemen, and most obligingly presented to me. 
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Rissoa zosterophila, Webster (1905). 

Rissoia (Sabancea) annulaia, Suten Proc Mai. Soo , vol. iii, 1898, 
p 63 ; Index FaunsB N.Z., 1904, p 77 (not of Hutton) 
Rtssoia zosUrofhda, Webster, Trans. N.Z. Inst., vol xxxvii, 
1905, p 277, pi IX, figs 5, a, h, 

I remember that many years back when I began taking an 
interest in marine shells I found a small Rissoa in Lyttelton 
Harbour, which I took for Hutton’s R anvwlaia^ misled by the 
pale band below the suture Through the kindness of Professor 
Chilton, Acting Curator of the Canterburv Museum, I have now 
been able to see the type of Rissota annulata^ which is simply a 
variety of Rtssoinu divacea, Hutton Everybody who has had 
to do with these nunute shells knows how easy it is to make 
a mistake if specimens are not actually compared I am 
much indebted to the Rev. Mr. Webster for clearing up this 
error. 


Rissoina (Eatoniella) limbata, Hutton (1883). 

Cin^tda hmhaia, Hutton, N Z Journ Sci , vol i, 1883, p 477 ; 
Trans N.Z. Inst., vol. xvi, 1884, p. 214. Rusoa limbata, 
Hutton, Proc Linn. 8oc. N.S W., vol. ix, 1884, p. 941; 
Tryon, Man. Conch (1), vol. ix, 1887, p. 355, pi. Ixxi, fig. 98. 
Phasianella limbata, Suter, Proc. Mai. Soe , vol. lii, 1898, 
p. 8 ; Index Faunee N.Z., 1904, p. 8. Rissoimi (Eatoniella) 
limbata, Webster, Trans N.Z. Inst., vol. xxxvii, 1^5, p. 278, 
pi. X, figs. 8, 8a (dentit., opero ). 

Typo, from Auckland, in the Canterbury Museum. 

It IS very fortunate that the operculum and dentition of this 
species were examined by Webster, and the generic position 
settled beyond a doubt. When I transferred the species to 
PhasianeUa I had only a single specimen, obtained near Sumner, 
which had the operculum deep in the aperture fixed on the 
animal, and I did not try to extract it. I examined the specimen 
again and found the operculum white and having a calcareous 
appearance. The same peculiarity I observed in Auckland 
specimens, but on extracting the operculum all the white colour 
had disappeared, and it was horny, with s claviform process as 
figiped by Webster. There is no doubt that I was misled by the 
whitish tissue of the animal showing through the semitrans- 
parent operculum. 

Turritella carlottae^ Watson (1880). 

TurrUdla carloUw, Watson, Journ. Linn. Soo., Zool, vol. xv, 
1880, p, 222 ; ** Challenger Reports, vol. xv. Gastropoda, 
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p. 478, pi. XXX, fig 5 TurriteUa vittata, Hutton, Cat. Mar. 
Moll N Z , 1873, p 29 (not of Lamarck, used for a foBsil 
shell) 

Hutton’s name being preoccupied, Watson’s name is avail- 
able. In my opinion the two represent the same species 

Vermiculana (Stephopoma) nucleogranosa, Verco (1904). 

Siephopoma nudeoqranosum^ Verco, Trans Koy Soc. South Aus- 
tralia, vol. xxviii, 1904, p. 143, pi xxvi, figs. 11-13. 

About two years ago I found this species at Takapuna on 
the uuder-side of boulders between tide-marks. On examining 
It I found it to be a new species, and put it aside foi future 
description My specimens quite agree with Dr. Vcrco’s excellent 
description and figures The setai of the ojierculum show a very 
great variability, and thev are quite distinct from the sym- 
metrically built setae of V (f^tephoponia) rosea, Q and G, 

Planaxis mollis, Sowerby (1823) 

Buccinum hrasdianum, Lamarck, Amm. s. vert , vol. vii, 1822, 
p. 272, Planaxis mollu, Sowerby, Genera, pait xii, 1823. 
Planaxis brasUmnus, Hedley, Proc. Linn Soc N.S W., 1904, 

p 186 

Mr. Hedley has shown that Lamarck’s name, though a mis- 
nomer, has priority ovi^r that of Sowerby. In my opinion it is 
not in the interest of s(!ience to adopt a name distinctly proved 
to be a misnomei, and to substitute it for a name accepted by 
most Gonchologists 

Tritonium costatum, Born (1780). 

Murex costatus. Born, Test. Miis. Cses. Vindob., 1780, p. 297. 

This 18 the species commonly known as T, deanum, L. 
Hanley has, however, shown that Linn4’s Murex deanum, L., 
is the same as KanMa g^gantea, Lamarck. (For full list of refer- 
ences sec “ Challenger ” Report, vol. xv, Gastropoda, p. 390.) 

Tutufa (Crossata) californica, Hinds (1844). 

PaneUa californica, Hinds, Voy. “ Sulphur,’* 1844, p. 12, pi ii, 
figs. 4, 5 ( === ther sites ^ Redfield). 

A specimen of this (’alifornian species was found at the 
Kermadecs, and is in the Auckland Museum. The whole surface 
of the shell is covered by a white coating of nulliporites. I 
compared it with a specimen from California, and was unable 
to separate the two. This is another Kormadec puzzle 
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Columbella inconstans, nom mut 

Columbella vanans, Hutton, Trans. N.Z Inst., vol x\ui, 1885, 
p 314, pi XVII, fig. 2 , Pliocene Moll. N Z., in Macleay Mem. 
Vol , 1893, p 44, pi. VI, fig 16 (not of Sowerby, 1832). Surctda 
vananSy Suter, Trans. N Z lust., vol. xxxi, 1899, p. 69 ; 
Index Faunae N.Z , 1904, p 71 

Feeling somewhat doubtful about the correctness of my 
transferring this species to the genus Surcula, I sent some 
fossil specimens to Mr M Cossmann, asking him to be good 
enough and give me his opinion on the subject He very kindly 
informed me that Captain Hutton had no doubt correctly classi- 
fied the shell 1 was misled by the shallow sinus on the outer 
lip below the suture. The specific name applied to it by Captain 
Hutton being preoccupied, I now propose the above 

Columbella pseutes, nom mut. Plate XVIII, fig 10 

Obeliscus rosem, Hutton, Cat Mar. Mol) NZ, 1873, p 22; 
Journ. de Conc-h., vol xxvi, 1878, p. 24 , Man N.Z. Moll , 
1880, p 72 , Proc Linn. 8oc N.8 W., vol ix, 1884, p 935 
Pyramtdella rosen, Huter, Trans. N Z. Inst., vol. xxxiv, 1902, 
p. 214 , Index Faun© N Z , 1904, p. 74. 

When examining the type specimens in the Colonial Museum 
I found the columella smooth, no plications being present , 
the species therefore does not belong to the genus PyravmdeUa 
(= Obdtsem), and its proper place is no doubt under Vdumbdla 
The specifK! name being preoccupied in that genus, I suggest the 
name psetUejf (the deceiver) The figure is from a ty)>e specimen. 

The type specimens are from Btewart Island Examples I 
found in the Auckland Harbour are purplish-black with a white 
band. 

Conainella maculosa, Martyn (1784). 

Buccinum testudineum, Chemnitz, Conch. Cat , vol. x, 1788, 

& 187, pi. clii, fig. 1454, Buccinunt maculosuw, Martyn, 
niv. Conch., vol. i, 1784, fig. 8. 

The name of Chemnitz having to be abandoned as being 
polynomial, I consulted Mr. Hedley, who is always ready to as- 
sist us New Zealand conchologists, as to the name to be adopted. 
He very kindly sent me tracings of B iestudineum and B, macu- 
loaum, suggesting that both represented one and the same species, 
and that in consequence Martyn’s name could be used The 
figures, though representing shells of different size, show the 
same main characters, and the diagnoses do not point to two 
difierent species. I compared specimens from seven localities 
in New Zealand, and I must confirm Mr. Hedley^s view as oorrect. 
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Following Captain Hutton’s latest publication on the genus, 
the more ponderous shells with a cinereous columella, as they 
occur from Cook Strait down to Banks Peninsula, were taken as 
C rmiculosa. Mart , but the difference from the Auckland shells, 
taken for C testudinea, is so slight that they cannot be kept 
apart as two species. Moreover, the dentition is the same in the 
two, as will he seen on examining the figures given by Captain 
Hutton in Trans N.Z. Inst., vol. xv, pi xviii, figs M, N In 
fig. M the lateral teeth are turned over, the outer denticles 
laying over the rhachidian tooth. 

Cominella costata, Quoy and Gaimard (1833) 

Buccxnum costatum, Quoy and Gaimard, Voy Astrol., Zool., 
vol. 11 , p. 417, 1833, pi. XXX, figs 17-20. B. ehurneum, Reeve, 
Conch. Icon., pi. xii, fig. 93, 1846 B anqasi, Crosse, Joum. 
de Conch., 1864, p 275, pi. xi, 6g 5 

Two years ago Mr E A Smith, I S.O., of the British Mu- 
seum, sent me a specimen whi(*-h he told me came from New 
Zealand. I found it to perfectly agree with Quoy and Gaimard’s 
diagnoses and figures, as well as with specimens in my collection 
from Tasmania, and it has to be added to the list of Now Zealand 
shells. 

Cominella zealandica, Reeve (1846) 

Buccinum zealandtcum. Reeve, Conch. Icon., sp. 28, 1846. 
Cominella zealandica, Tryoii, Man. Conch. (1), vol. ui, p. 183, 
pi. Ixxix, fig 384, 

This species is considered as a synonym of C. maculata. Mart., 
by Captain Hutton m his Revision des Coq. de la N.-Z61ande, 
1878, and m Man. N.Z. Moll , but omitted, as not really inhabiting 
New Z(?aland, in the “ Revision of the Rhachiglossate Mollusca,” 
1884. 

Tryon says, “ This specicB never came from the locality 
assigned to it ; it is a true Bua^inum^ and may be a form of 
undatum, having accidentally deepened colour upon the superior 
revolving lines ; or, if the colour is normal, then it is probably 
a var. of B cyanum, Brug ” 

My attention was hrst drawn to this species by a Pliocene 
shell from Waikopiro, which agrees perfectly (the colouring, of 
course, excepted) with Reeve’s diagnosis and figure. I also have 
a recent specimen from New Zealand, yellowish, the revolving 
lines between the ribs brown -tinted, m my collection. 

Thifi species and 0 . cosiaia are nearly allied to the Australian 
C. hneolata, Lamarck, and may have been the cause for including 
the latter species in our fauna. However, I have never found or 
seen a New Zealand specimen of C. linedata, and we may safely 
omit it from the list of New Zealand molluscs. 
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Nassa zonalis, A Adams (1852) 

Proe. Zool. Soc , 1851, p 107 (publ. 1852). 

Bpeciraens were collected at the Kermadec Islands by Miss 
Robison, of Christchurch, and I am again indebted to Pro- 
fessor W H Ball for naming them. They are much worn, 
and it mav well be that these, and perhaps several other species 
that have been found washed up on the beach, were carried 
down on seaweeds by currents from a northerly directum. It 
seems most desirable that one or several good collectors should 
stay at the K TinadiM's for several montlis and thoroughlv 
investigate the interesting fauna of that group, including dredg- 
ing For th(‘ present all we can do is to put on record all the 
species found in the locality, leaving it to future workers to 
weed out the species not really living in the group Bead 
specimens of Conns and Cj^piwa have also been found at the 
Kermadecs. 

Ptirpiira striata, Martyn, n subsp bollonsi. 

This 8ubspc(‘iofe may shortly be described as a P. strmUi 
in which the revolving cmguli are cut up by more or less dee}) 
longitudinal sulc-i into distinct nodules, thus producing the 
sculpture of P emarginafa, Desh The colour of the shell and 
interior of mouth is white, and the outer lip is strongly den- 
ticulated These two latter characters distinguish it from 
emarginata, which, if nially found in New Zealand, may be 
a form of P sqnaniata, Hutton 

Hah - - This very pretty subspecies was collectcnl by Captain 
Bollons, of the “ Hinemoa,” at the Kermadec Islands Cap- 
tain Bollons is well known as a most enthusiastic collector, doing 
all in his power to further the interests of science, and 1 pro- 
]) 08 e to name the subspecies in his honour. 

Type m my collection. 

Marginclla albescens, Hutton (1873) 

MargineUa (dbesems, Hutton, Cat, Mar Moll. N Z , 1873, p. 19 , 
Journ. de Conch, vol. xxvi, 1878, p. 22; Man. N.Z. Moll, 
1880, p. 62 M. tnfanSf Hutton, Trans. N Z. Inst., vol, xvi, 
1884, p. 224 (not of Reeve). 

Hutton’s name originally given to the species has to be 
adopted again, as our shell is not the same as Reeve’s xnjans, 
which occurs near Singapore. No doubt Captain Hutton fol- 
lowed Tryon m identifying his species with that of Reeve, 
Further, Af. peUmiday T.-Woods, is not a synonym of %nfam 
or aCbeaoms either. 
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Ancilla rubiginosa, Swainson (1840). 

AmiUa rubiginosa, Swainson, Zool lllustr , vol. ii, 1840, pi iv ; 
Tryon, Man Conch (1). vol. v, p 94, pi xxxvii, fig 26, 
pi xxxviii, figs 26, 27. 

A mammilata. Hinds, and A alho-callosa, Lischke, are 
synonyms Specimens 1 collected near Timaru and Sumner 
were kindly named by Professor W 11 Dali My largest speci* 
men has an altitude of 30 mm According to Tryon the habitat 
of the species includes Japan, China, Malacca, and Madagascar. 

Ancilla lata, Hutton (1886) 

AnciUaria lata, Hutton, Trans. N Z Inst , vol xvii, 1886, 
p 325, Pliocene Moll NZ, in Macleay Mem Vol., 1893, 
p 44, pi. vi, fig 15 

Specimens were found in the Mauukau Harbour by Mr. 
C Spencer and the Tlev Mr Webster, and I also not unfre- 
quently came across the sjiecies in the Hauraki Gulf The 
specimens from the latter locality exac.tly correspond with 
a small form found in the Pliocene near Waikopiro 

Terebra venosa, Hinds (1844) 

Terebra venosa. Hinds, Proc Zool Soc., 1843, p 157 (publ. 
1844) T. 'penicdlata, var venosa, Tryon, Man Conch. (1), 
vol vii, p D3, pi XI, figs 12, 13 

Specimens were also collected by Miss Robison at the Ker- 
madecs, and kindly identified by Professor W. H. Dali (not 
by myself, as stated by the Rev Mr Webster). Tryon gives 
as habitat — Seychelles, Mauritius. 

Daphnella cancellata, Hutton (1878). 

D cancellata, Hutton, Journ de (Vneh., vol xxvi, 1878, p 18 ; 
Man N Z Moll , 1880, p 45. D lymneiformis, Hutton, 
Proc Linn. Soc N S.W , vol x, 1886, p. 118; Suter, Trans. 
N Z. Inst, vol. xxxiv, 1902, p 211, Index Faunae N.Z , 
1901, p 71 (not of Kioner). 

I have never seen J) hpnneijormis, Kiener, but Mr Hed- 
ley informs me that our sh'»ll is not Kicner’s species, and we 
have therefore to fall back on Hutton’s name. 

Hah. The type is from Auckland. I have also specimens 
from Stewart Island, which are much smaller -length, 7-5 mm. 
Type m the Otago Museum, Dunedin. 
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Polypus campbelli, E. A. Smith (1902) 

“ Report on the Collections of Natural Histfiry made in the 
Antarctic Rej^ions during the Voyage of the ‘ Southern 
(Vohk/ ” 1902, vii, Mollusea, by Edgar A Smith, F.Z 8 , 
p 201, pL xxiv, figs 7-11 

The specimen described is a male Mr Smith mentions 
that the right- dorsal aim is shorter than the left, probably 
bitten by a fish or crustacean 1 have a female specimen, also 
from (^arn phi'll Island, which shows the very same peculianty, 
and proves that it is not accidental but must be considered 
as charactenstK' of the species 


KXI»LANATK)N OK PLATK XVTTI 
Kig 1 Chiton huttutn, Sul or Natural hi/o 

Pigs *2-4 M flea<l, mothan, and toil valvch , enlarged. 

Fig r>. .. „ Side view of tad-valvo , enlarged. 

Fig i\ „ „ Oudle-KaloH, miirh magnified. 

Figs. 7 9 IIvlcwuiHfm mcaU]yera\ Suter Natural size 
Fig 10 Colnmhelfa psentei^ Suter Photo from type. 


Akt. XXXIX. — Genius laidora. Correction of Arhclv AT/. 
in TjosI Year^ft Transactions {Volume XXXVll), 

Ry Henry Suter. 

Plate* XIX. 

Throuoh an unfortunate mistake the figure/S of Isidora species 
m the. text are mversed, representing dextral instead of sinis* 
tral shells. The editor, Mr A, Hamilton, very kindly consented 
to have thorn reprinted, showing the correct smistral volution 
of the whorls 


Fig. 

Fig. 

Fig. 

Fig. 

Pig. 

Fig. 

Figa 


EXPLAN vnON OF PLATE XIX 
hidora tahvlatat (h)uld. 

o M f> Aubsp. moestfj, H Adams. 
„ hochsieUerif Dunker. 

im>i»-xdandimy Sowerhy. 
mUifiodeaf Sowerby. 

Umtu, Toiiison-Woods. 


flubsp. conferta, Sntor. 
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Art. XL — On Flabellum rugulosum, Tenimn-Woods. 

By Henry Suter. 

[Held before the {VeUington PhUomphiCdi Sortcti /, Uh ^October ^ 1905] 

Flabetlum rtiqulosum, Teuison- Woods, “ PalnBontology of New 
Zealand/’ part iv, “Corals and Br^^^zoa of the Neozoie Period 
m New Zealand,” 1880, p 12, figs 8, a, b 

Captain J Bollons, of the Clovcriun(*nt steamer “ Hmcmoa,'' 
dredged Imug specimens of this fine ('oral m 50 fathoms 
between (hivier and Mokohmaii Islands, and very kindlv 
presented me a specimen Unfortunately, the animal had 
already been removed, but Captain Bollons told me that it 
was beautifully banded with white and scarlet My example 
agrees in every particular with specinu'ns from the Pliocene 
of Wanganui, but it is larger than anv 1 have seen Altitude, 
44 mm. , axis, 60 mm , mm axis, 20 min 

This interesting addition brings th<‘ numb(*r of New Zee.- 
land species of the genus up to two, F rulrtum^ Q and (4 , being 
the other species This latter is not uncommon on rocks at 
low-water murk in Hauruki Cnlf, and is very conspicuous by 
its scarlet animal Unfortunately, m ah ohol the colour is com- 
pletely lost 


Art. XLI — Notes on Insect Swarms on Mountmn-to'ps tn New 

Zealand. 

By G V Hudson, F.E.8 

[Head before the Wellington PhdoHopfneal Society, 2nd August, 1905 ] 

At a recent meeting of the Entomological Society of London, 
the pr(>8ident, Professor Poulton, F R 8., read a short paper 
entitled “A Possible Explanation of Insect Swarms on Moun- 
tain-tops,” in which he suggested as probable that “certain 
species of insects with powerful flight, after reaching the imaginal 
state, have the instinct to seek conspicuous isolated features 
in the landscape ; that in others with smaller powers or unable 
to fly the instinct is merely to ascend The effect of both ten- 
dencies is to reduce the area over which the sexes have to find 
each other. A somewhat deferred maturity, and the gradual 
collection of scattered individuals into swarms, is probably 
associated with the instinct in many oases, facilitating still 
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further the meeting of the sexes and the pairing of individuals 
from remote areas It is obvious that the gathering swarm 
will be far more easily seen than single insects by the scattered 
individuals around. The swarming of beetles, &c., round tree- 
tops IS probably to be thus explained Belated to the same com- 
bination of instincts preparatory to pairing is the driving-off of 
the winged males and females of ant communities, m response 
to probably some atmospheric stimulus which makes itself felt 
on a single day over a \a8t area ” In connection with these 
general deductions by Professor Poulton, it has occurred to me 
that the few observations of the kind made by myself on New 
Zealand insects should perhaps be placed on record in the 
Transactions, especially as the perusal of these brief notes may 
possibly lead otheis to make fuller and more complete observa- 
tions of a like nature 

On the I2th December, 1886, I observed on the highest hill 
to the south of AVelhngton Harbour great numbers of one of 
our commonest beetles, Pyronota fesHva, together with a swarm 
of a common fly, Bibio nigrostignia. These insects were noi 
numerous elsewhere, but were only abundant on the top of the 
hill. 

On the 9th damiary, 1893, I observed on the rocks and 
stones on the top of Mount Enys, near Castle Hill, at an eleva- 
tion of about 7,2(X) ft., a large swarm of ladybirds (Coccimlla 
l\-punciaia). There w^as no vegetation here which could have 
afforded food for aphides, and as ladybirds feed exclusively on 
aphides the inference is that the insects must have migrated to 
this and inhospitable peak under the mfluonco of some 
powerful instinct. 

On the 22nd February, 1903, 1 observed vast swarms of Py- 
fonota festiva flying over the birch-trees at the bush-hne on one 
of the western slopes of Mount Earnslaw, at an elevation of about 
4,CKX) ft. The afternoon was extremely hot, and the flight of 
the insects so rapid that I did not recognise them as beetles 
until after I had netted a few specimens for examination. The 
beetles must have been present in countless thousands, as they 
were swarming round the birch-trees and apparently equally 
abundant at all points along that slope of the mountain where 
I was collecting. 

I have frequently observed the phenomena of ant-migrations 
m^entioned by Professor Poulton* although I am only able to 
give three actually recorded instances. These cases prove, 
however, that the winged male and female ants were being 
ejected by the worker ants over very extended areas at the 
same time. It is probable that the flight of these vast swarms 
of winged ants gives rise, to a great extent, to that humming in 
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the air frequently noticed on very hot calm days towards the 
end of summer, and specially mentioned by Gilbert White in his 
Natural History of Selborne ” 

On the Ist April, 1888, whilst collecting on the hills around 
Kilbirnie, I noticed that a great flight of the winged males and 
females of Aphmnogaster antarettaa was in progress. All the 
spiders’ webs were full of the mal<3s, and numerous specimens of 
both sexes were found crawling on fences and about the ground 
The ants were noticed over an area of fully two miles, but there 
18 no reason to think that the swaiming was confined to the 
country then traversed. 

On the 3l8t March, 1889, T again observed this ant»8warming, 
this time over an extensive tract of hilly country to the south 
of Wellington. The ants were so abundant as to be almost 
intolerable to persons walking Tin* weather was very hot, 
calm, and sunny on both occasions 

On the 28th February, 1892, another very hot day, I ob- 
served, at Karon, swarms of the winged individuals of Aphm- 
nogasler antarctxca The ‘‘ humming in the air ” was very evi- 
dent on this occasion, and was no doubt produced by the vast 
numbers of ants flying overhead 

Closely allied to the foiegoing instincts is that of so-called 
“ gregarious hibernation,” which appears to occur m one of 
our common ichneumon flies, DefpJhina huchanam^ but m this 
species it seems to be the females only which are thus found 
congregating. The following observations, made in 1883, have 
since been frequently repeated In fact, as recently as May, 
1903, I found these insects hibernating m large numbers between 
the weatherboards of my little obst»rvatory at Karori. On the 
14th January, 1883, I obseived, whilst collecting at Karon, 
a number of specimens of this fine ichneumon fly flying in and 
out of a crack in the bark of a large matai-trce Being de- 
sirous of discovering what attractiMl them, I removed a large 
portion of the bark, and found that there were over sixty insects 
crowded together in the hollows and irregularities underneath. 
I captured several and examined a great number of them, and 
found them to be all females, there being no difficulty in at once 
determimng the sex in this species There was no nest of any 
kind in the tree, the cavitv being merely a natural one, the 
ichneumon flies not having improved on it in any way. On the 
3rd June of the same year I found a number of these insects 
under exactly similar cinmmstances, m the forest about five 
miles from Palmerston North There were about a hundred 
specimens, and they were all females, and seemed quite torpid, 
this being due, no doubt, to the cold season of the year. On 
this occasion there were, of course, no specimens on the wing. 
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Art XLll —Notes on some South Island Birds ^ and Maori 
Associations connected therewith. 

By J ('owAN. 

\Hc<id htUm iht Wdlinyton Phdomphual Novemht'u 1905 ] 

While in tho extreme south of the South Island this year, 
engaged in collecting historical Maori matter from the very fev 
well-informed Natives who have survived to these days, 1 
gathered one or two notes regarding certain southern buds 
which may be of some interest, seeing that the particulars have 
not hitherto been placed on record My chief informants were 
members of the Ngaitahu Tribe living at Colac Bay (or Oraka), 
on the shores of Foveaux Strait — elderly men who have been 
sealers and bird-hunters for the greater part of their lives, and 
who are more reliable on matters of natural histor}" and bush- 
craft than the other southern Natives. They are also in part 
descended from the ancient Ngatimamoe, who ceased to exist 
as a tribe probably over a century ago 

My first note refers to the Notornis mmitelh^ the rara avis 
called by the Maoris the ** teikahea'' The name of this bird is 
spelled “ lakahe ” in Buller’s “ Birds,” and all other works m 
which it 18 mentioned. The Maoris inform me that this is wrong , 
there should bo a final a, as I have spelt it here The takuhea is 
undoubtedly the most interesting of all our native birds ; it has 
almost, if not quite, vanished from existence. The last-known 
living specimen was captured in 1898 on the shores of the Middle 
Fiord of Lake Te Anau. It is possible that a few specimens of 
this most ancient of feathered creatures may still roam the 
great forests of Fiordland, between Te Anau and the west coast 
It is not necessary here to describe the bird further than to 
say that it is not unlike a fukeMo or swamp-hen in general 
appearance and plumage, that it has short wings useless for 
purposes of flight, but armed below the carpal joint with a sharp 
spur or claw, and that it has a very strong and peculiarly arched 
red bill. 

In former times, according to To Faina and Kupa Haereroa, 
of Colac Bay, takahea were plentiful around the shores of Lakes 
Te Anau and Manapouri, and the Southland Maoris were accus- 
tomed to make annual expeditions for their capture. At this 
period the shores .of these great lakes were inhabited by the 
Maoris, and villages stood at a spot called Owhitianga-te-ra (the 
Place of the Rising Sun), at the foot of Te Anau, at the points 
where the Waiau River enters and leaves Manapouri, ana else- 
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where m the vicimty Some of the numerous wooded islands 
in Manapoun were also favourite camping-plares of the Maoris, 
who snared birds in the woods, caught wild ducks in the lagoons, 
and fished for eels by torchlight in the sandy bays, spearing them 
with the wooden triple-pronged matarau. 

In winter the iakahm were driven down from the mountains 
by the snows, and they were then found around the shores of 
the lakes, feeding chiefly on the sweet swamp-grass fonaka. 
One of the spots much frequented by the bird, according to the 
Murihiku Maoris, was a lagoon (of hapua) known as Te Wai-o- 
Pani, on the south-west shore of Te Anau This lagoon is backed 
by a high rlilT, on the top of which is a plateau with a pakihi or 
natural clearing, rich in fern-root, one of the food-staples of the 
olden Maori This cleanng, a perfect and safe retreat for a 
broken tribe, is said to have been one of the Ngatimamoe places 
of refuge when that unfortunate tribe was almost exterminated 
by* Ngaitaliu, and the remnant driven into the vast forest wilder- 
ness of Fiordland, called by the Maoris Te Rua-o-te-Moko, 
where they finally became extinct The pakthi was accessible 
only by a very precipitous route up the face of the cliff. The 
white man, say the old people of Murihiku, has not yet discovered 
this well-hidden spot Here tht* takahea was sometimes found 
It was hunted with dogs, and when attacked showed vigorous 
fight It would strike out with its feet and bite with its strong 
short beak, hissing like a bittern. The Natives describe its reso- 
nant metallic night-cry as resembling the sound made by two 
pieces of greenstone when sharply struck together. 

Another remarkable flightless bird, fortunately not so scarce 
as the takahea, is the member of the Apteryx family commonly 
called by naturalists the “ roa 'J'he Maoris say that the proper 
name of this bird is the “ tokoweka ” The tokowcka is now 
plentiful on Resolution Island (Taumoana), the Government 
avifauna sanctuary m Dusky Sound. 

Of our summer visitors the migrant pipiwharauroa, or shining 
cuckoo, is particularly well known to the southern Maoris. The 
pipiwharauroa is, of course, not confined to the South Island ; 
it is famous amongst the Maoris all over the colony, but par- 
ticularly on the coasts It arrives with its South’ Sea Island 
cousin the long-tailed cuckoo (koekoea) about October, and leaves 
our shores again for its winter quarters in northern Australia 
and New Guinea about the end of February. Like the English 
cuckoo, the pipiwharauroa is regarded as the harbinger of spring. 
The Southland Natives call it “ Te Manu-a-Maui (Maui^s Bird), 
because its notes when heard in the spring are a signal to begin 
the p]antmg--Maui being the tutelary deity of the gardens and 
cultivations. Its sweet and frequently repeated notes, heard 
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oftonest around the Reashore and in the coppices which compose 
the outer fringes of the forest, are sometimes interpreted hy 
the Maoris as ku-il W hii%-whUi ora concluding with 

a long “ Tio-o f ” “ Whiti-whiU'Ora ” may bo translated as 

meaning “ safely crossed,'* in allusion perhaps to the bird's safe 
arrival after its long flight across the ocean. Its song is also 
construed as a command to the -planters — 

Ko-o-ih, kdia, koia , 

Tiri’i, nn<i, liria, 

Whati'w hatm. Avbatiw hatia 

bidding the people dig away, break up their mother earth and 
prepare the soil for the reception of the seed I'mnara. 

There is a very ancient planting-song called “ Te Tewlm-o- 
Maui ” The Chant of Maui '*), used on the occasion of kumara' 
planting iii the Hot Lakes District, particularly on the Island of 
Mokoia, m J^ake Rotorua. It is rather curious 1 o find that a 
portion of exactly the same song is heard in the extreme south, 
where the Murihiku Maoris put it into the mouth of the ;n/H- 
wharauroa l^egend says that it was from Maui (who was cTcditcd 
with being able to efieet remarkable “ lightning changes," after 
the manner of tlie h<‘roeH in the “ Arabian Nights ") that the 
Maori ancestors iirst heard the Awiara-plantmg incantations 
The derm-god transformed himself into a bird and sang this 
tewha as lu* sat pendicd on the handle of a ko or digging-imple- 
ment So that this song (which is too long to (piote here) was 
brought from the old home of the Maoris in the islands of Poly- 
nesia, and 18 therefore of great antiquity. 

Straying again for a moment to the North Island — there is 
a Maori monthly newspaper published at Gisborne called the 
“ Pvpiwharauroa ” after this uiWesting bird its Maori corre- 
spondents take pcM'tic flights that are quite m keeping with the 
name of the journal They address the paper as My dear 
little bird,’’ and enjoin it to bear their w^ords all over the Island 
upon its wings And the editor, too, is not without poetry in 
his soul, for he heads his list of subscribers (sadly dilatory ones, 
I am sorry to see) with the words Nga hua kareao mo ta tatou 
tnanu,*' which means “ Hupplejack-bomes to feed our bird.” 

A beautiful bush-rausiciau in the South Island — which we 
unfortunately seldom or never hear m the North-— is the bell- 
bird {konmaico or mukomako). In Otago, Southland, and Stewart 
Island the Natives call it the kopurapara.'' It is very delightful 
to a birddover from the North Island to note the plentiful num- 
bers and the tameness of the bell-bird in such places as Akaroa 
(where it has developed a taste for pakeha plums and pears and 
cherries, and for the flowers of the Acacia), and in most of the 
wooded parts of Otago, Southland, and Stewart Island. 
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A Btrango bird m Maori eyes is the hakuai of the off-shore 
islands in the far south The Natives of Foveaux Strait and 
Stewart Island sail off m March and April every vear to the 
craggy islets near the rugged west coast of Stewart Island for 
their annual mutton -bird harvest, and it is there that they 
meet with the hakmt Whole families go mntton-birdmg— men, 
women, and children— and camp on the islands for some weeks. 
At night the fowlers gather round their camp-fires, and old songs 
are sung and folk-tales and ghost-stones retold And in the 
darlaiess sometimes they hear the ghost -bird screaming its 
“ Ilaku-m, haku-ai, Ooh ! ” and then a hair-raising swoosh of 
great wings as some mysterious creature of the crags sweeps 
past them into the night, crying as it goes. This bird, called the 
‘‘ Juikuai ” from its cry, is spoken of as a spirit. To sec it is an 
evil omen , it is the banshee rif the islands. The Maoris say it 
has been frequently heard on Herekopare or Mummy Island, 
which lies off the entrance to Fatenson Inlet, and on the islands 
off the south-west cape of Stewart Island One is reminded of 
Blackmore’s description of the moorland birds in “ Lorna 
Doone ” Vast lonely birds, that cried at night and moved the 
whole air with their pinions, yet no man ever saw them” — and 
again of the hokioi of North Island legend, the great war-bird 
of which the song says— 

Two falhuniH lon^ a.c its pinions. 

Its wmgM make a hooining none 

II lives in the open Hpaee of lioavon, 

The companion ot the eraHhiiig thundei 

The mystery of the hakiiai may be dispelled by assuming it to 
be — as it no doubt is — the frigate-bird (Fregata aquda). The 
wings of these lords of the seas have a great spread. 

The kotulu, the beautiful white heron or crane, so famous 
in Maori poetry and proverb, is still to be found in one or two 
parts of the South Island It is many years since one was seen 
m the North. It is said that there are some stray kotuku occa- 
sionally to be seen m the southern bays of Stewart Island. But 
the only place to my own knowledge where this rare species 
yet exists is in the Okanlo Lagoon, a labyrinth of tidal creeks 
and sandbanks and small islands down on the West Coast, 
about ninety miles south of Hokitika. This lagoon swarms with 
ail kinds of w^aterbirds and waders, and amongst them are some 
white herons One of these birds is frequently seen, and ventures 
right into the Okarito Township. He is often observed fishing 
in stately solitude in a little pond just at the back of the local 
hotel ; and he seems to know he is safe— no gun is ever raised 
against the white spirit-like bird of the lagoon, Cert-ainlv there 
18 little to disturb him in Okarito— the very “ deadest ” of all 
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the dead “ boom ” towim of the old digging days The southern 
Maoris say that the kotuku is an inhabitant of the nether world, 
the spint-land of the Heimja An old funeral lament ends with 
these words, in apostrophe to the departed Ko te kotuku to 
tapui, e Tama—ef*' (“The white heron is now thv sole com- 
panion, 0 my son ! ”) 

The beautiful ouomatopoetic Maori names of many New 
Zealand birds have no doubt been remarked upon bv some of 
our nature- lovers A considerable number of our mdigenous 
birds derive their names from their cries and songs To enu- 
merate a few% there are the kuku (or pigeon), the koko (or tui, the 
parson-bird), the kaka parrot, the hakmloa (seabird), the whio 
(blue mountain duck), kea (mountain parrot), and the nroriro, 
the little grev warbler. One can readily understand how these 
names came to be given, particularly in the case of the wild 
pigeon , ku-lu is simply an imitation of the sound uttc^red by 
the bird as it flaps from tree to tree, or sits up in the branches 
feasting on the berries — literally a “ coo,” the softest, most 
loving of forest calls The whw, or “ whistler,” generally called 
the blue mountain duck, is much more abundant in the South 
Island than the North, and is to be seen at particularly close 
quarters on such routes as the foot-track leading through the 
mountains from Lake Te Aiiau to Milford Sound Here, in 
many of the clear pools and calm reaches on the (vlinton River, 
you will see little fleets of who sailing round and round, uttering 
now and then the peculiar cry, like a whistle with a cold m it, 
that has gamed for them their Maori name. They have never 
learned to fear man or his gun, and their confidence and tame- 
ness are pretty to see. Finally, there is the tea, the remarkable 
alpme parrot, the outlawed of squatterdom. Far up in the 
mountains, m the wastes of rock and ice, the tea’s scream will 
be heard, as he circles round you on the cliffs, or hops across 
the surface of the glacier after you — for he is as inquisitivq 
and impudent as the yelling “ Kay-ah ! kay-ah ! ” at you 

at the top of his voice. 


Abt. XLIII — (M a Specific Cobc of Leaf-variation in Coprosma 
baueri, Bndl, (Rubiaceie). 

By L. Cockayne, Ph.D., Cor.F.B 8 Ed. 

\Rfad belote the Phdonophtcal ImtHvte of ConitHivtif^ iHh Scptenihcr, U)0/>.) 

Plate LII. 

Coprosma bauen is a common New Zealand shrub or small tree 
frequently occurring in exposed situations on the North Island 
coast. It also extends to the South Island, having its southern 
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limit m the west of Nelson It is found, too, in Norfolk Island, 
but whether the form there is identical with the New Zealand 
plant appears to be somewhat doubtful * When growing on 
clifEs and rocks it is frequently prostrate, being flattened closely 
against the rook-surfa(;e, but when in more sheltered situations 
and in deeper soil it is a small tree with a fairlv thick trunk 
and dense crown of foliage ; in fact, the two extreme forms 
are so unlike that they might easily he mistaken for two different 
species It is most amenable to cultivation, and m consequence 
IS very frequently made use of as a hedge plant m many parts 
of New Zealand, especially in the North Island Now, as m 
many cases sucli hedge plants are growing under conditions 
different from those ot the species in its natural seaside habitat, 
an opportunity is afforded of instituting a comparison between 
the cultivated and wild plants Thus, during mv recent resi- 
dence at Island Bay, Wellington, 1 had an opportunity to ob- 
serve such differences as existed Ixifween the leaves of a certain 
shelter hedge in that neighbourhood and those of plants grow- 
ing near the sea, both of the free and prostrate forms 

The hedge in question was so planted, between a paling 
fence on the one side and a house on the other, that it was 
sheltered in its lower part from the north-west wind, and al- 
together from that from the south-west, these two winds being, 
as IS well km)wn, extremely severe m the above locality. 
Moreover, the basal portions of thi^ plants were in almost com- 
plete shade, receiving little, if any, direct sunlight. 

In contradistinction to this wind -still, shady environment, 
that of the seaside plants is very different. There they are 
exposed to frequent and furious winds and to bright, direct sun- 
light Some plants also may receive at times a certain amount 
of sea-spray, which of course will tend t o increase the succulence 
of their leaves 

A glance at the jihotograph (Plate LII) shows at once the 
great difference which exists between such shade loaves and those 
exposed to sun and wind, which latter, however, belong to the 
normal leaf-form of the species. To go into further details, 
the leaves of Coproama hawri when growing in its natural habitat 
are somewhat fleshy in texture, glossy green on the upper sur- 
face but much paler beneath, and the margins are recurved. 

* Thus, Hooker writes, “ 'I’lie Now Zealand specimens ai-e much more 
succulent and stout m habit than thow of the Norfolk Island, but 1 find 
no differouooH in the flower or fruit” (‘‘Flora Novno-Zelandito,” vol. i, 
P 104). 

Maiden (‘ The Flora of Norfolk Island,” I>oo. Linn. Soc. N.8.W., 
1904, p. 706) did not obaerve Coproama hauert during his visit to Nor- 
folk Island, and oonsidere that it is probablv rare. 
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This latter characjter is frequently carried to such a pitch that 
each half of the blade is rolled round itself, or the one half may 
be rolled round the other, ihe leaf thus presenting the appearance 
of a pipe. Such leaves may be called rolled loaves ” As for 
the dimensions of the leaves, the following arc taken from Island 
Bay coastal plants* — (1) Leaves of the tree (laininap) * 3*2 cm. 
by 1*9 cm. ; 4 4 cm. by 2 4 cm , 4*5 cm by 2 2 cm., 31cm. 
by 1 *8 cm ; 2 8 cm. by 1 *6 cm ; 5 cm by 2 8 cm ; 2 7 cm by 
1*5 cm (2) Leaves of the prostrate shrub (lammse) 4 cm 
by 3 1cm , 4 cm. by 2 8 cm , 3 4 cm bv 2 cm : 3*8 cm by 
2*3 cm. , 3 1cm by 2 cm ; 4*3 cm bv^ 2 9 cm , 5 cm. by 
3*3 cm , 2 b cm by 1 7 cm From the above figures it will be 
seen that there is not much difference in size between the leaves 
of the prostrate shrub and those of the tree , perhaps, if a con- 
siderable number of measunsments were taken, the prostrate 
plant, owing to the superior shelter from wind provided by its 
habit of grov*th, would show a larger average leaf-surface 

Turning now to the shade leaves of cultivated plants, some 
of which It must be pointed out belonged to semi-sucker shoots, 
they arc much larger, slightly thinner, and not quite so glossy 
as the leaves of normal coastal plants. Actual measurements 
of various laminaj read 12 3 cm by 9 7 cm ; 11 *8 cm. by 
8 5 cm. ; 11*3 cm by 8 8 cm , 12*8 cm. by 10 1 cm. , 101 cm 
by 7*9 cm Ijeaves from certain other shade shoots are not 
quite so large, but still are much larger than the normal — 
for example, the following : 6*5 cm. by 5 9 cm. ; 8 cm. by 
4*9 cm. , 6*5 cm by 5 8 cm. ; 6 9 cm. by 6 1 cm From the 
above it may be seen that the shade leaves, especially when 
belonging to suckers, are frequently more than three times the 
size of normal sun-and-wind leaves, and that they are always 
flat, when^as the latter have always' requrved and frequenlly rolled 
leaves 

Ordinary Coprostna hedges, such as are so common in the 
City of Wellmf^on, are especially instructive for purposes of 
comparison, since they show all degrees of leaf-form from flat 
leaves to those with considerably recurved margins. Generally 
speaking, such hedges occupy mure sheltered positions than 
plants near the sea, and this shelt^er is frequently enhanced 
by the hedge being on the lee side of a wooden fence of some 
kind or another. In such hedges the leaves near the base are 
more or less flat, becoming gradually more recurved towards 
the summit of the plant, where they are exposed to the wind. 
Even the uppermost parts of plants of considerable size, if shel- 
tered from the prevailing winds, may possess some flat leaves. 
Such hedges, moreover, possess few rolled leaves of an extreme 
type, but are intermediate in character, so far as leaves are 
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concerned, between shade leaves and normal sun - and - wind 
leaves 

Whether in the case of Cofroama hauen a leaf having once 
become possessed of a recurved margin can again become flat, 
or an extreme rolled leaf unroll itself, is a matter requiring 
investigation It seems to me, however, that there m a strong 
tendency in the plant to produce recurved leaves, and that such 
under normal conditions are characteristic of the species. Seed- 
lings have flat leaves, but there is sometimes a trace of recurving, 
especially at the base of the lamina As for the leaves of semi- 
sucker shoots referred to above, their being flat might in part 
be attributed to their being reversion-shoots, since such are 
especially wont to make their appearance at the bases of plants. 
The large size of such leaves may also in part be due to the 
well-known luxuriant growth of suckers. All the same, many 
of the shoots observed were clearly not suckers, and there is no 
doubt but that shade and abscnc<‘ of wind played a most im- 
portant part with regard to the leaf-form. 

Of course, the rolling of a leaf and consequent reduction 
of leaf-surface in a xerophyt.ic station is veiy beneficial for the 
well-being of the plant, but that such is a benefit is no explana- 
tion of why such rolling should occur , it only explains in |>art 
how the plant m question can exist m its particular station 
On the other hand, the presence of rolled leaves where exposed 
to sun and wind, and of flat leaves m the shade and in a still 
atmosphere, points to the wind factor and the light factor, one 
or both, as having been instrumental in originally causing these 
structures, which now they are able to evoke, thanks to an 
hereditary tendency in the plant to respond to their stimulus 
Were there no plants of Cuprosma baueri except those of ex- 
posed stations on the coast, then large, flat leaves would be 
unknown, and the rolled-leaf form would be held to come “ true ” 
from seed Or, agaiti, were thej*e no stations suitable for the 
tree form, only the prostrate form would exist That this is 
not an absurd suggestion is shown by the fact that another 
New Zealand coastal tree, Myoporum Forst. f., only ex- 

ists on the Moko Hmou Islands as a prostrate shrub, and were 
that its sole habitat its power of becoming a tree could never 
be dreamed of. Such plastic species, indeed, have really no one 
fitted form, but as Klebs* has shown (if I understand him rightly), 
their scHcalled normal characters are merely a few of a larger 
series, and are of no greater specific value than those others 
which may be evoked by a difierent environment. 

♦ “ WiUkufhohe Kniwickelimgs dnclermigen bei Pflanzon,” Jena, 1903, 
pp. 145-40; indoetb the whole of chapter vii, p. 139 ei seq, requires con- 
suiting. 
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Another New Zealand plant, Oleana cymhifolia. Hook f., 
18 of interest with regard to the question of flat and recurved 
leaves This species is a moderate-sized shrub, and a member 
of the siibalpme scrub of certain mountains in the South Island 
Its leaves are small, very hard, thick, tomentose beneath, and 
much recurved This leaf -form remains quite constant even 
when the shrub is cultivated at sea-level m good garden soil. 
But occasionally, from the base of such plants, shoots with 
flat or almost flat leaves are given ol!, resembling exactly the 
adult leaves of a closely allied species, Oleana nummulanjolia, 
Hook. f. In this case the recurved leaf is a more stable quan- 
tity than IS that of Coprosma bauen^ but the difference is at best 
one of degree merely, and yet m the case of the Oleana is a 
plant of which the adult was considered by Sir Joseph Hooker, 
who was certainly no “ species- maker,” a distinct species, ’•* 
whilst its basal reversion-shootsf are clearly, if they should 
flower, 0 nummular if olia, another of Hooker’s species. In 
such cases as these, and others which could be cited, using only 
the New Zealand flora, the methods of the systematiats appear 
to break down, and experiment alone can decide as to specific 
rank. 

Before concluding, I wish to express my thanks to Mr, K. 
Ewing, of Island Bay, and also to Mr, F. G. Gibbs, M.A,, of 
Nelson, who have sent me a large quantity of fresh material, 
especially seedlings, in connection with this paper. 


EXPLANATION OF PLATi: UJ. 

Photograph of shade leavea on left and lollwl loavea of Hoawde plant on 
right of CoproAim hnncri (!k’>ntiin©ter scale Photo by the author 


♦Ml. T. Kirk wrote (‘‘Htudents’ Flora,” p 273). “ Vai. cytitbtfolta 
appears to be a depauperated condition largely caused by the ravages 
01 insects,” For a long time I was much puKsied how Kirk could have 
come to this conclusion, but quite recently Mr F. O. Gibbs sent me some 
apecimens damaged by insiHits, such as desonbed above. However, such 
insec t>afFected plants are quite rare, and the leaf-form of thw species does 
not m the least owe its shape to such a cause. 

1 1 called attention to this phenomenon some years ago in ” A Sketch 
of the Plant Geography of the Waimakoriii Biviv Basin” (Trans. N.Z 
Inst., vol. xxxii, 1900, p. 123). At the present time I am making certain 
definite experiments with this plant, which it is hoped may throw fresh 
light on its variabdity. 
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Art XLIV — On the Supmsed Mount Bonjdand Hahiat of 
Celniiflia lindsayi. Hook j 

By L. Cockayne, Ph D , Cor F.B.8 Ed. 

[Head before the Philo^ophtcal hiAhtiUe of CanUrhiiry^ &h September, 1906,] 

Among several interesting species of plants discovered bv Dr 
W Lauder Lindsay in the course of lus visit to Otago in 1861-62 
was the very fine Cdmtsta which now bears his name- ^ hiB 
plant was especially notable since up till comparatively recent 
years it was supposed to be confined to that limited area of the 
south-east Otago coast where Lindsay had first collected it, 
although the genus is essoutially alpine and subalpine How- 
ever, some years ago, Mr. Henry J. Matthews, whose important 
botanical explorations in the Otago lake district and elsewhere 
have added many valuable facts to New Zealand botany, 
brought from the Humboldt Mountains, of which Mount Bon- 
pland IS the principal peak, a Celmista much resembling C. 
lindaayi. Also, the late Mr, W Martin, of Fairfield, whose fine 
collection of alpine plants is well known, had collected in the same 
region a Celmisva^ evidently most closely resembling C, lindaayi, 
which Mr. J. Buchanan published in 1888 under the name of 
Erigeron honplandii,* that botamst having come to the conclusion 
that the sufiruticose Celmmas should be united to Engeron,'\ 

That alpine plants frequently occur at sea-level is well known, 
while several species of Velminm also occur m the lowlands. 
Such are Cdrnisia longifolia ; C. yeMolata, var, rigida,X of 
Stewart Island ; C, verbasctfolia, C, kolosericea, C. vernioosa, 
of the Southern Islands ; while quite recently Mr A. H, Cockayne 
and also Mr. H J. Matthews have collected C. conacea near the 
sea m north-east Marlborough Such cases are of considerable 
phytogeographical interest, which becomes greater w^here a 
plant is found only on the coast and in the alpine region but 
is wanting in the mtermediate country. 

In 1896 Mr. D. Petrie’s most important “ List of the Flower- 
ing Plants indigenous to Otago ”§ appeared, in which the alpine 
habitat of Cdrnisia lindsayi is mentioned. “ I have seen 
numerous living plants of this species brought by Mr. Henry 
Matthews, of Dimedin, from the neighbourhood of Lake Harris, ’^|| 


♦“ On some New Native Plant*” (Tran* N.3&. Inat., vol. xix, 1887, 
p.213) 

f Deek’nptlon of a New SpocicH of Kngeron'* (XranF. N.Z. Inst,, 
vol xvn, 1886, p. 287). 

J This I consider a distinct speoies. 

{ Trans. N.Z. Inst., vol. xxviii. 1898, p. 640. 

II Lake Horns is in the close vicinity of the Humboldt Mountains. 
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writes Petrie. Mr T. Kirk, however, commenting upon this 
statement, the next year writes, “ The reputed Lake Harris 
station for this fine plant is very doubtful indeed, the plant 
being purely littoral.’’ Moreover, in the “ Students’ Flora ” 
Kirk 18 still more emphatic, stating, “ The reported habitats 
at Mount Bonpland and Lake Harris are erroneous To 
understand Kirk’s attitude in this matter one can merely make 
certain suggestions. He may iiave considered Matthews’s 
plant as belonging to another species But this is hardly pro- 
bable, since Buchanan’s Erigeron bonplandit, the plant of Mar- 
tin’s garden, and supposed to have been colloeted by the latter 
on the Humboldt Mountains, is referred by Kirk to C. lindsayi. 
It seems far more likely that Kirk considered some confusing 
of localities had taken place, especially as he himself bad col- 
lected on the Lake Harris saddle and in that neighbourhood. 
Such a mistake with regard to a plant habitat is a most easv error 
to fall into when one is collecting largely from all parts of a 
region, and receiving plants in addition from other sourcjes ; 
and especially easy is it when one is collecting living plants 
rapidly and not labelling them as collected, but trusting merely 
to memory Then, m sorting out, planting, and transplanting, 
there are additional chances of confusion. Be all this as it may, 
the above is Kirk’s uncontradicted assertion, and until it is 
proved or disproved there must remain uncertainty as to the 
very important fact regarding the distribution of C. hndaayi. 

But the receipt of certain botanical material from Mr. Mat- 
thews, together with two explanatory letters, has enabled me 
to throw some fresh light on the subject, Mr Matthews thus 
writes : “ In a day or two I will send you specimens of Cdmisia 
lindsayi^ from Nuggets and Cdmisia sp. from Mount Bonpland. 
. . . The flowers certainly do not differ much, but T will 

ask your opinion on the foliage, &c., which to me appears entirely 
distinct, Kirk said, as you know, the Bonpland habitat was 
erroneous ; and yet I saw acres of it, and hrought some home a fm 
months ogro.” The italics are mine, and that statement entirely 
removes any suspicion as to “ mixing of habitats.” There can 
consequently no longer be a doubt as to the existence of an 
alpine Cdmisia closmy allied to or identical with the coastal 
C. lindsayi. . 

The specimens arrived in due course, two living shoots 
in excellent condition, labelled "respectively “Nuggets” and 
“ Bonpland.” The following are some notes I made regarding 
the specimens : — 

* “ StudenW Flora,*’ p. 284. 

t Nugget Point is the original habitat of 0, lindmyi. 
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The two 8hoot» bear a considerable resemblance to each 
other. Both have viscid, aromatic, rather soft leaves,* green 
on the upper surface and densely tomentosij beneath The 
tomentuni — a verv constant character m (^elmma species, and 
not sufficiently used for diagnostic purposes — is identical w both 
plants Tt IS smooth, very dense, closely adpn’sscd to the leaf- 
surface, white and shining, and when magnified by 6 is seen to 
consist of fine cobwebby hairs The midrib in both plants is 
prominent and large, especially towards its base, and pale-green 
m colour f Some of the leaves are ob8(mrely serrated. The 
leaves clasp the stem with a broad sheathing base which is 
stained purple on its lower half The shoot -axes measure 
about the same in diameter m both specimens, I 5 cm. ; and the 
living leaves occupy the apical end of the shoot for about the 
same distance, while below are the withered leaves still attaeh^'d 
to the stem 

There are, however, some differences, but these are merely 
of degree, and such as might be expected in any species from 
ordinary “ fluctuating variation,’' and especially m New Zealand 
plants, when we bear in mind the extraordinary plasticity of so 
many species with regard to changes m their environment. 
But examination of more materia) would probably lead to 
somewhat different results 

The Bonpland plant has smaller and slightly differently 
shaped leaves to the Nuggets plant. The leaf- veins are a little 
more prominent on the under surface of the leaf and rather more 
sunken on its upper surface, giving a somewhat more wrinkled 
character to the surface The leaves are also perhaps rather 
stiffer and a little darker green On the other hand, the Nuggets 
specimen is decidedly the more aromatic of the two. 

'Hie following are measurements of the leaves of the two 
specimens . — 


NuggetH 

Lamina | Sheath 



Bonpland 
Lamina I 


Sheath 


cm ciu 
11*7 by 
IM by a 5 
11-4 by 2 6 
11*2 by 2*66 


cm. cm 
2-0 by (?) 

2 7 bv 1 8 
2 6 by 1 6 
2*8 by 2 65 


cm. om 
8-6 by 2*6 
8-65 by 2-6 

8 3 by 2‘6 

9 9 by a'8 I 


om cm 
2-6 by 1*6 
2*5 by (7) 
2 45 by 1 7 
2*4 by 1 7 


* Kirk describes the leoves aa “conaceous, but not thick**; but that 
description applies only to dried specimens. 

f In the Handbook it is described as black, a character evidently 
taken from a dried specimen. 
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From the above ^ it may be seen that the Nuggets plant has 
leaves longer considerably but narrower m proportion to the 
Bonpland plant, which consequently gives them a different 
shape 

An examination of the literature on the subject, of plants m 
my herbariun), and of notes which T took personally some years 
ago at Nugget Point, shows that the Nuggets plants vary con- 
siderably m dimensions of leaf For instance, my notes taken 
on the 3rd October, 1902, give, as an average size of certain 
leaves measured, 10 5 cm by l'9cm, and a specimen collected 
by me in the same locality some months later gives the following • 
9*7 cm. by 2 3 cm , 10 cm. by 2*2 cm. , 8 4 cm. V»y 1 9 cm . 
9*8 cm bv 2*3 cm , 7 5 imi. by 17cm, 72 cm by 1 8 cm 
A Catlm’s River specimen collected by 1) Petrie measures 
14 '6 cm bv 2 5 cm , 112 cm by 2*4 cm , 14 5 cm b> 2 3 cm. 
A cultivated specimen sent me by T Kirk of the Nuggets plant 

measures 13 6 cm. by 17 cm ; 13*2 em by 1*9 cm, 12*9 cm 

by 1 *9 cm* Hook(‘r gives the dimensions of Lindsay's speci- 
mens as 6 4 cm. bv 1 25 cm., and the plate in Lindsay’s paper* 
shows a comparatively small plant Hut these ffgures on the 
whole confirm the statement above, tliat the coastal plant has 
longer but narrower leaves m proportion to their length than 
the Bonpland plant 

In my herbarium is also a flowering specimen of the alpine 
plant collected in Matthews's garden by Petrie This, so far 
as the flower goes, exactly matches Nuggets specimens Its 
leaves measure 9*3 cm. by 2*1 cm , 9*8 cm by 2 35 cm The 

scape of the alpine plant is of the characteristic flexuous form, 

which Hooker called attention to as a peculiar elmract eristic 
of 0 Imdaayt, Petrie {I c,, p. 558) remarks that the Lake 
Harris specimens of Matthews have a more robust habit than 
the sea-ooast form ” 

In order to fiu’ther test the differen(‘a« between the two 
plants, I cut a number of transverse sectitms of the leaves. 
These, though agreeing in the main as to palisade, spongy paren- 
chyma, &;c., show one difforenoe—^viz, that the Bonpland plant 
has invariably a two-layered epidermis, while the Nuggets plant 
has one of one layer only, though the latter is occasionally two- 
layered for a short distances Thus, this anatomical distinction, 
again, is one rather of degree than of actual difference. 

Such are the facts of the case with regard to the alpine and 
coastal plants. There is undoubtedly a Cdmisia on the Hum- 
boldt Mountains, common also in many places, although Kirk, 
Petrie, and myself, who have all been m the vicinity of its habitat, 
have never collected it. Moreover, this alpine Bonpland form 

•• “ Contributians to New Zealand Botany,” 1808 . 
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difiers from the coastal Nuggets form in some minor details, but 
only m such as might bo expected from ordinary fluctuating 
variability, so that the two plants according to recognised 
floristic rules must be considered identical. 

But are such flonstic methods sufficient in this case ? Mr. 
Matthews thus writes, and shows very clearly the position he 
takes with regard to the coastal and alpine forms * “ In regard 
to Celmisia Imdaayi and the Bonpland plant (sent yesterday), 
there is perhaps no clear actual botanical distinction, but when 
seen growing side by aide they are dissimilar in many respects 
that could not be reduced to writing This statement of Mat- 
thews opens up a very wide and most important question, but 
here a few general remarks must suflk e Professor L. H Baile 
thus writes * “ Many of us feel that the present methods of no- 
menclature and description will be outgrown, for these methods 
are made for the herbarium and museum rather than for the 
field. It is a most suggestive commeiitarv that the botanist 
may know the species when it is glued on an herbarium sheet, 
but may not know it when it is growing. The nurservman or 
gardener may know it when growing, but not when it is in an 
herbarium. This is not merely because the botanist is un- 
familiar with the field or the gardener with tlie herbarium. 
These men have a different fundamental conception of what a 
species 18, they use different ‘ marks ’—one morphological, the 
other largely physiological. I believe that the gardener is 
nearer the truth.”* The fact is, such cases as the one under 
consideration, and dozens of others much more striking which 
could be selected from the New Zealand flora, cannot be settled 
by a mere morphological examination. The truth does not 
rest on the dictum or perhaps whim of one man, or indeed of 
a number of men, but upon the observation of a simple fact — 
the power of the particular form m question to reproduce itself 
“ true,” or the coiitrarv, from seed If the progeny resembles 
the parent in those characters which distinguish this latter 
from all its allies, then we have to do with a distinct entity— an 
eleniontary species, as De Vriesf has termed it— and such must 
receive a name ; such elementary species are realities, whereas 
collective Limnean species arc merely ideas. The final court of 
appeal as to “ specific value ” is no longer the herbarium or 
study of the systematist, but the seed-bed of the experimental 
garden. 

* “ Hie Mutation Tlieory of Organic Evolution ” : Six addreosea 
given liefore the American Society of Naturalists at Philadelphia, 28th De- 
cember, 1908. “Systematic Work and Evolution,” h, H Bailey (Repsr. 
Science, n. voL xxi. No. 536, 7th April, 1904, p. 12). 

t H. de Vries, “ Die Mutationstheorie/* band i, chapter v, 1 21, 
“ Species, Subspecies, and Varieties,” pp. 1 15 -20. 
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Art. XLV . — Notes on a Brief Botanical Vmi to the Poor 
Kmghls Islands. 

By L. Cockayne, Ph.D., Cor F.B.S Ed 

{Read before iht PhtloHophtcnl huttitvic of Canterbury, M July, 1905.] 

1 General Remarks. 

During a recent excursion in the Government steamer “ Hme- 
moa ” I had the good fortune, thanks to special facilities afforded 
by Captain J Bollons, of botanizing on the Poor Knights Is- 
lands, a group which no naturalist had previously visited. Nor 
18 this at all xeinarkable, for these islands he out of the track 
of vessels, while it is only under the most exceptional circum- 
stances that a landing can be effected 

The Poor Knights, or “ Tawhiti Rahi,” as the Maoris call 
them, lie isolated in the open ocean at about latitude 35^ 30' S., 
and distant some eleven miles from the east coast of northern 
Auckland They consist of two precipitous islands lying m 
close proximity, and extending m a north and south direction 
for two miles and a half. They are of volcanic origin, and 
about 182 meters in height. As seen from the east the southern 
island is somewhat conical m form, but with a very broad 
base, while the northern island, although rugged enough, is 
much flatter in its upper part. Three miles to the south arc 
the islets known as the High Peak Rocks, which rise to a height 
of 60 meters, and these must be included in the group. 

Unfortunately the time at the captain’s disposal was limited, 
so he was only able to allow mo some two hours and a half for 
my work, a considerable portion of which was occupied by sail- 
ing round much of the two main islands in search of a landing- 
place. This, however, gave an opportunity of noting the dis- 
tribution of certain conspicuous plant-formations. 

We landed at two places on the southern island, one below 
the precipices on its west coast, not far from the very narrow 
strait which divides the two islands ; and the other, where some 
rocks stretch out into the sea on the north-east side. This 
latter is the most favourable place from whence to explore the 
island, since a comparatively gentle slope up a wide, shallow 
gully, full of scrub or low forest, loads right to the summit of the 
island. Elsewhere, so far as I could judge, the coast is ex- 
tremely precipitous. 

I did not land on the northern island, but Captain Bollons 
and some of tlie sailors climbed up to the meadow above the 
cliffs on the west side, near the remarkable tunnel which there 
forms a narrow passage right through the island. 
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From the above it may be gathered that what follows regard- 
ing the vegetation is quite fragmentary— so much so, indeed, 
that but for the fact that nothing whate.ver was known abou 
the natural history of the Poor Kmghts I should not have ven- 
tured to publish these notes. 

2 The Plant Formations 

Everywhere on the Poor Knights, excepting m the most 
unfavourable positions, such as faces of precipices, is an abun- 
dant vegetation T^^is, so far as I could judge, consists of 
throe principal formations— viz , clifl, tall scrub, and meadow. 
There is also a limited amount of flat ground, more or less wet, 
near the rocks where we landed on the north-east t)f the southern 
island, where grow certain halophytes This is treated below 
under the heading “ Salt Meadow 

' . (a.) The Vhff Formation. 

The cliffs vary considerably in their slope, and on this the 
richness or otherwise of their plant-covering chiefly depends. 
Where quite perpendicular, as in many places on the east of 
the northern island, plants — lichens excepted — are absent ; but 
where the slope is more gentle there is frequently so abundant 
a covering that the rocks are clothed with greenery The 
chief members noted of this formation were ; Poa anceps^ 
Arundo consptcm {Gram mew ) , Arthropodium cirrhatum^ Phor- 
mtum tenax {Ldiac^w) : Rhagodia nutans, Salicornia australu 
(Chenopodiacew) : Me^emhnanthemum australe {Aizoacew ) , Apium 
prostratum {Vmhdlijerw) , Goprosma haueri (Hubiacew) , Lo* 
belia anceps (Campanulacew ) , Metrosideros tomentosa {Myr- 
tacew ) , Poly podium serpens, Asplenium flaccidum var. (FiUce^). 
Of these some play a much more important part than others 
For instance, in some places the succulent Mesemhrianihemum 
forms a close covering of bright-green ; in others, colonies of 
the thick-leaved Arthropodium* cover some square meters of 
the rock-surface, while near by the tall yellow plumes of Arundo 
wave m the breeze. Poa anceps, so common as a coastal grass 
in the north of New Zealand, in many places hangs in long 
tufts down the rock-face , and Phormium tenax, its large clumps 
of sword-like leaves a meter or more in length, stands out con- 
spicuous from thf3 cliffs, 

* To show how this plant can resist drought, a plant which I collected 
on the Poor Knights on the 28th February, and had kept between drying- 
papers, was still alive and vigorous on the 14th Apnt at which date I 
planted it in my gawlen, where it grow vigorously, and by the let June 
has produced several roots more than 16 cm. in length. 
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( 6 ) The Tall Scrtib Formation. 

Even at a distance it can plainly be seen that much of the sut- 
face of both islands is occupied by a thick growth of low trees. 
A closer view shows that some of these stand out distinctly 
above the others. This at first led me to think that the former 
might be the tare Meryta sinclatrii, which has for a long time 
been reputed as occurring on the Poor Knights.* But, as shown 
further on, these plants are merely Cordyline australis^ so that 
the presence of Meryta on these islands still remains a moot 
point. 

The formation under consideration occupies the gullies, 
together with that flatter ground forming the surface of the 
islands above the precipices. It seems to be of greatest extent 
on the southern island, where alone I had an opportunity of pene- 
trating into it Had the time not been so short it would have 
been quite easy to have gone right through the scrub to the 
summit of the island, but as it was I was only able to examine 
the part at no great distance from the sea. 

Unlike the cliff formation, which is identical with that of 
the neighbouring mainland, the scrub is quite distinct from 
any allied formation with which I am a<*quainted in the New 
Zealand biological region, not because it contains any peculiar 
or rare species, but from the special combination of its members. 

Seen from without, the sciub presents a dense mass of foli- 
age, greyish dr green in colour. Between the scnib proper and 
the open ground bordering on the sea is a broad, thick belt 
of Phormium tenax^ while in places within this again is a good 
deal of low-growing Metrosideros tomentosa^ the representative 
here of the characteristic belt of that tree along most of the rocky 
shores m northern New Zealand. Here, too, outside the scrub, 
is Myoporum loetum— not an erect tree as usual, but semi-pro- 
strata. This unusual habit did not surprise me, for on the Moko 
Hinou Islands attd on Cuvier I had already observed numerous 
absolutely prostrate plants, looking on this account altogether 
different from the normal tree. How far this prostrate habit is 
hereditary and the plant an elementary species, or whether it is 
merely a case of fluctuating variation, the result of constant 
winds on plants which would otherwise be upright, has yet to 
be ascertained— an easy enough matter to determine by means 
of culture experiments. 

The two dominant plants of the scrub are SvUonia dirnri- 
cata {Myrmnacew) and Maoropiper excehum {Piperaoecs). Mdi- 
oytiM rumiflorus (Vidacew) appears to come neart in abundance. 

See T. Kirk, “ An Aooount of the Fuka (Meryta siitdattii, Seem,),’* 
Trans, N.Z. Inst., vol, li, p. 160, 1870. 

18— Trens. 
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Associated with these, but m much smaller proportion, are 
Hymeruinihera latifolia (Violacew)^ Myoforum Iwtum (Myapor- 
ocecp), Entdea arbor escens (TUiacece), Oemostoma hgmtnfdia 
(LogamacecB), Corynocarpus Iwvigata (Anarcardtacecp), and St- 
deroocylon oostatum {Sapotacem) 

The scrub is about 3 m. tall. The low trees or tall shrubs — 
call them as you please — have usually rather slender naked 
trunks and dense heads o( foliage The ground is bare for the 
most part, but here and there are seedlings of the different 
species, together with Veronica macroura* and a few ferns It 
was pleasant to note that the bell-bird (Anihornis melanura), 
now all but extinct in many places, was plentiful. Further 
from the sea the scrub probably changes its character consider- 
ably, for Cordyhne australis (lAiacew) becomes one of the most 
abundant members, its much - branched heads raised above 
the other foliage and rendered conspicuous at a distance through 
this and their yellowish-green colour. 

With the exception of Suttonia divaricata, the presence of 
which was most unexpected, and which separates this scrub 
most distinctly from any othei formation, its other members 
arc what might be expected m a northern coastal forest. But 
S. divaricata is by no means a common plant in the north of 
New Zealand, so Mr. T. F. Cheeseman informs me. It, how- 
ever, 18 much commoner as we go further south, until on the 
Auckland and Campbell Islands it becomes one of the cha- 
racteristic forest or scrub plants f From Mr. R. H. Matthews, 
of Kaitaia, to whom I wish to express my obligation for bo- 
tanical assistance, I learn, however, of a still more anomalous 
station for this shrub— viz , on mangrove islands in the Ranga- 
umu Estuary. 

The most striking ecological fact about this scrub of the 
Poor Knights is that, notwithstanding the small size and con- 
sequent exposure to fierce winds of the islands, the foliage of 
many of the plants is abnormally luxuriant. Macro^iper ex- 
celsum is probably that large-leaved variety originally discovered 
by Cheeseman on the KermadecJ and Three Kings Islands.! 
The loaf -blades of my specimens measure d: by i 16*6 cm. 


If the identification be accurate thiB extimds the rang© of this plant 
^ ^ northward, at the eamo time affording evidence that 
the Whangarei habitat of ColenBo is correct. 

t Coqkayn^ L., “ A Botanical Kxc^ursion during Midwinter to the 
Southern Islands of New Zealand (Trane. N.Z. Inst., vol. xxxvi, 1»04, 
p. 251). 

Kermadec Islands (Trans. N.Z. Inst,, vol xx, 

jLOOO^ jpa jl04Ja 

.Qo.* Watidf.” (Tran*. N.Z. Init., voL **1H. 

1891, p. 412 ; see also p. 416 as to the large-leaved CfetUoshma), 
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Those of Myoporum l(Bium measure ± cm. by ± 6*2 cm., 
whereas Kirk gives from 2*5 cm. to 10 cm. long by 1 3 cm. to 
3*8 cm broad.*** The leaves of the Mdvc^tus and Oenio$Uma^ 
too, are considerably above the average. But most surprising 
of all are the leaves of Suttonia dimricata. These on specimens 
from the Southeni Islands measure 11mm. by 10mm.,t but 
those of Poor Knights plants arc 33 mrn. by 22 mm. ; moreover, 
they are thin, and not “ somewhat conaoeous *’ 

Such luxuriance of foliage on wind-swept small islands, far 
out m the open ocean, where the contrary might be expected, 
IS not easy of explanation. There is far more shelter than 
might be thought at first glance, for usually the formation will 
only get the wind from one quarter, while the dense growth of 
the whole also protects the individual members. The air, too 
—although no statistics are available — may be assumed to be 
always highly charged with moisture, and so will check trans- 
piration and encourage leaf-development. Finally, the volcanic 
soil of the islands is probably extremely fertile. Mr. T Kirk 
long ago called attention to a sinular condition of affairs on the 
lava-field of Rangitoto, the well-known landmark in the Hau- 
raki Gulf, the richness of whose vegetation in conjunction with 
the apparent absence of soil and water must strike even the most 
careless observer. My above explanation, so far as it goes, 
adds little to that originally put forth by Kirk.f I must confess, 
however, that it seems to me at best but a partial solution of 
this puzzling question. 

(c.) Meadow. 

Regarding this formation I can say little, having only seen 
it from a distance. Captain Bollons, however, as mentioned 
above, climbed up to the open gound above the cliffs of the 
northern island, bringing back for me a few specimens of the 
meadow vegetation. The ground is in many places carpeted 
with MeBeinbriarUhemum ausi^ale. Everywhere is Phormiutn 
tenax, sometimes in large masses, at other times dotted about. 
Large tussocks of Arundo oonspicua here and there all over 
the meadow give a distinct character to its physiognomy. 
Roundish bushes, too, of stunted Metrosideron tomentosa are 
frequent. The meadow is broken into in many places by greater 
or smaller pieces of scrub, thanks to the shelter afforded by the 
PAormitm. Whether this scrub is similar to that described 
above I am not in a position to say. Neither can I bring for- 

♦ “ Forest Flora,*’ p. 258. 

t ilioc. p. 251. 

t ** Notes on the Botany of Waiheke, Rangitoto, and other Islands 
in the Hauraki Gulf” (IVans. N.JK. Inst., vol xi. 1879. pp. 451, 452). 
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ward any facts as to the causes determining the presence of 
meadow or scrub, though doubtless it is largely a matter of degree 
of exposure to the prevailing winds. Captain Bollons made 
one most interesting discovery. At the base of the Phormium 
plants he observed large numbers of the great snail Placosiylm 
hongiif var. novoseelandtca, now quite extinct on fche mainland, 
but still occasionally to be found on the small island, Cape Maria 
van Diemen 

(d.) The Salt Meadow, 

Here the presence of that collection of halophytes to which 
I am giving the name “ salt meadow for comparative purposes 
is dependent rather on the sea-spray blown inland, and on the 
lack of shelter, than on any other factors. The ground is more 
or less wet, in some places water lying on the surface. Here the 
vegetation is richest, the dominant plant being the rush-like 
and strongly xerophytic Lepiocarpits simplex (Restiacew), Other 
plants of this formation are . Lobelia ancepa (Campanvlaoem\ 
J uncus maritimuSf var australiensis^ and J. planifolius (Jun~ 
cacecB\ Paspalum distichum and Deyeuxia hillardieri (Graminew), 
Mariscus ustvUatus (Cyperacem)^ Apium prostratum (UmbellifercB)^ 
Samdus repens, var stneta {Primutacew), and Oarmichcdia wU- 
liwmm (Le^uminoscB) If my identification of this latter plant 
be correct— and both Messrs Petrie and Cheeseman, to whom I 
have shown specimens, arci of opinion that it is so— its presence 
on the Poor Knights is very remarkable.*" Between the “ salt 
meadow ” and the scrub is the zone of Phormium before men- 
tioned, which may perhaps be included in this formation. 

Regarding the oc(mrrence of Carmichadia wiUiamsii a few 
words may not be out of place. Up to the present this most 
striking plantf of a remarkable genus has only been recorded 
from the East Cape district, where it is rare and local. The 
only explanation that I can suggest as to its occurrence in two 
places so far apart is that it was once much more widely dis- 
tributed along the east coast of northern New Zealand, but 
shrmkage of the laud-surface has led to a fiercer struggle for 
existence, which has caused its extinction except in a few specially 
situated localities. It is just on islands which once upon a 
time formed part of the mainland, or in peculiar stations such 
as the eliflEs of the East Cape, that relics of a former vegetation 
might be expected. The North Cape, at no very distant date 

• Mr. Cheeseman has also, since writing the above, very kindly given 
me an opportunity of examining a type specimen of C, australis, var. lata, 
from the herbarium of the late Mr T. Kjrk, which certainly Is quite dis- 
tinct from the Poor Knights plant. 

f See fig. 8, pL ^vi, Featon, E. H.. “ The Art Album of the New Zea* 
land Piora.’^ 
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au island, is a case in point. Here Cheeseman* discovered four 
plants not found elsewhere, which may well be considered 
either remnants of a more extensive ancient coastal flora, or 
new species which originated during a separation of the place m 
question from the mainland But in the case of Carmickcdta 
willtamsit the former supposition seems the more feasible. This 
view is also supported by the occurrence of Veronica macroura 
on the Poor Kmghts, another species known authentically only 
from the East Cape region and the coast for some distance to 
the south, including Portland Island. 

3. Summary of Results. 

1. There are three principal plant formations on the Poor 
Knights — viz , cliff, tall scrub, ana meadow— and a minor forma- 
tion composed principally of halophytes. 

2. The chff formation is identical with that of the adjacent 
coast. 

3. The scrub, owing to the combination of its members and 
the presence of Suttoma dimneata as a dominant species, differs 
from any alhed formation in the New Zealand biological region. 

4. Oarmichcdia wtUiamsh, a plant hitherto only known from 
the East Cape district, much further to the south, occurs on the 
Poor Knights, and its limited distribution in New Zealand may 
be explained on the supposition of a shnnkage of the land-surface, 
with a consequent increase in the struggle for existence and the 
extinction of plants over wide areas, leaving the survivors iso- 
lated in such places as small islands. 

6. The arborescent plants exhibit a most remarkable lux- 
uriance of foliage, greater considerably than that of the same 
species on the mainland. 

Before concluding I must express my sincere thanks to the 
Hon. W. BEall-Jones, Minister of Marine, for his kmd assistance 
in ^furthering my botanical work on this and previous occasions. 

4. List of Plants collbctko or observed on the Poor 

Knights. 

Filioes, 

Aspleninm flaccidumt Forst., var, 

Poiyjiodium serpens, Font. 

Ptens esculenta, Forets 
„ tremula, Br. 

* ** On the Flora of the North Cape Bistriot " (Trans. N.Z. Inst, vol 

itxlx, ISB7, p. 368). 
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GraminecB, 

Ariindo conspicua, Forst. /. 

Deyeuxia billardien, KutUh. 

Diohelachne crmita, Hook, f, 

Oplismenus undulatifoliiiB, Bmuv, 

Paspalum distichum, L, 

Poa anceps, Worst, f, 

CyperacecB, 

Carex diBsita, Sol, 

Mariscus ustulatus, C, B, Clarke. 

SoirpuB nodosuB, RoUb, 

„ prolifer, Rottb 
„ cernuuB, Vahl. 

Restionacecr. 

Leptocarpua simplex. A, Rich, 

J uruuicert, 

Luzula, ap. 

JuncuB maritimus, mr australiensiB, Bucnen, Lem. 
„ plamfolius, R Br, 

LtliacecB, 

Arthropodium cirrhatiim, R, Br, 

Cordyline australis, Hook, f, 

Phorinium teuax, Worst 

Ptperacem, 

Maoropiper exoelsum, Miq. 

Parietaria dobilis. Worst, f. 

Pdygonacem, 

Muehlenbeckia oomplexa, Meissn, 

CJtenopodiacecB, 

Rh^odia nutans, R. Br. 

Salicomia australis, Sol. 

Aizoacew. 

MeBembrianthemum australe, Sol. 

CaryophyUacece. 

Tiasa media, L, /. 
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Ranufundacece, 

Clematifl parviflora, A, Cunn. 

Cruc%fercB 

Lepidium oleraceum, Forst. /. 

PittosporacecB 

Pittosporum crassifolium, Sol, 
LegumtnoscB, 

Carmichaelia australis, R. Br. 

„ williainsii, T, Kirk, 

Ox€did<ioece, 
Oxalis corniculata, L, 

Linace0, 

Linum monogynum, Forst. f, 

AnarcardiaeecB, 

CoryuooarpuB IsBvigata, Forst. 

Tiliacece. 

Entelea arborescens, R, Br. 

Vidaoem. 

H3rmeiianthera latifolia, Endl. 
Melic3rtUB ramiflorua, Forst. 

Thymdiaoeoe. 

Pimelea leovigata, Qaert.y mr. 


Metroaideros tomentoaa, A. Rich. 

HaloragidaeecB, 

Haloragis erecta {Murr.)y Schindler. 

Umbdliferm. 

Apium prostratunit LabiiL 

Epmridaoem. 

Leuoopogon {a0oioti]jari8» A. Rick. 
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Myratna^cecB, 

Sxittonia divanoata. Hook, f. 

PrimtdacecB, 

Bamolus repens, Pers,, var, stricta, Cockayne, 
Sa'potacecB, 

Sideroxylon costatnm, ' jF. v, MuelL 
LoganincecB, 

Greniostoma ligustrifolia, A, Cunn, 

Scdanacece 

Solannm aviculare, Forst, f, 

„ nigrum, L, 

ScrophidariacecB, 

Veronica macroura. Hook f, 

MyoporacecB 

Myoporum laetum, Forst /. 

Kubtacece, 

Coprosma baueri, Endl, 

„ robusta, Raoul, 

CttcurbUacecB, 

Sicyos australis, Endl, 

Campanulacem. 

Lobelia anceps, L, f, 

Dichondra repens, Forst, 

Composites, 

Qnaphalium luteo-album, L. 

SonchuB oleraceus, L, 

Brigeron canadense (introduced). 
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Abt. XLVI .— an the Subalptne Scrub of Mount Fyffe 
{Seaward Kaikouras). 

By L. Cockayne, Ph.D., Oor.F.B.S.Ed. 

\Rtad btfort iht Philonophtcal I nature of Canterbury^ i2th December, 1906.] 
1. Introduction. 

The Seaward Kaikouraa, or Looker-on Mountains, are a lofty 
range running at first almost parallel to the coast of eastern 
Marlborough, but finally striking further inland. They com- 
mence near the mouth of the River Clarence and end at the 
source of the Conway, whence under other names the chain 
is continued until it joins the Southern Alps. The highest 
peaks are Mount Whakan, 2,691 m., and Mount Kaitarau, 
2,652 m., but the range as a whole maintains a high altitude. 
It consists fur the most part of dark-coloured shales and of 
sandstones. The former are very crumbly, and give rise to 
vast shingle-slips of sombre and forbidding aspect. Mount 
FyfEe, 1,624 m. m height, is one of the lower peaks, and perhaps 
the most easy of access. It abuts directly upon the Kaikoura 
Plain, of which it forms the north-western boundary. The 
torrential rivers, Kowhai and Hapuka, separate Mount Fyffe 
from the main range, to which it is joined merely by a narrow 
saddle. 

Regarding the flora of the Seaward Kaikouras little has 
been published. From their great height, and position with 
regard to the eastern seaboard of the South Island and to the 
Inland Kaikouras, from which they are altogether separated 
by the Clarence Valley, it might be expected that they would 
possess some plants of special interest. And this was known 
to be the case even so early as the publication of the Flora 
NovsB^ZelandisB,” for in that work the wonderful shrub Hdi- 
chrysum (Ozothamnua) coraUoidea is mentioned. Kirk, in the 
“Students* Flora,’* also cites some interesting plants which 
he had himself discovered — namely, the Ranunetdm^ Olearia^ 
and Oossimo— which are treated of at some length below, Jn 
February, 1902, 1 collected on Mount Fyffe a rather remarkable 
Oelmisia^ which may be an undesoribed species, but which 
in the “ Students’ Flora ’’ is referred to Od. sindairii as a form 
with serrated very coriaceous oblong bracts *’ (p. 286). On 
the same oocasioii I also ooUeoted an Ejnkbium, which is re- 
ferred to below. In 1869 Buchanan published a short paper 
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ot six pages only dealing with the botany of the Province of 
Marlborough as a whole .♦ This contains a very brief account 
of the distribution of plants on a western spur of Mount Kai- 
tarau. The increase of our knowledge as to species of New 
Zealand plants since that date shows that in certain instances 
wrong identifications were made, as is evidently the case with 
regard to Banunetdus pinguin^ Veronica hectori^ and Myosotis 
cajyOaUi. Buchanan also came to the curious conclusion that 
few additions would be made to his list of the alpine plants, 
since he writes, “ There is little doubt that the shepherds em- 
ployed to search for plants there [t.e., on the Kaikoura Moun- 
tains] have pretty well exhausted them.” Mr. B. Brown has 
collected mosses in the valley of the Hapuka, and has described 
some of the novelties he discovered in the “ Transactions 
the New Zealand Institute.”t 

My own acquaintance with the Kaikouras commenced 
in 1902, when m the February of that year I partially ascended 
Mount Fyffe twice, and once crossed over its summit, following 
the long spur from the River Kowhai and descending by an- 
other spur leading directly from the summit to the plam near 
the north end of the mountam. A year or two later Mr. Brown 
and myself camped for some days near the River Conway, 
which we followed up to its source and to the Palmer Saddle. 
Quite recently (October, 1906), in company with Mr. and Mrs. 
H. J. Matthews, I had the great pleasure of again visiting Mount 
Fyjffe and ascending as before by the Kowhai Spur to a height 
of about J,067 m. During the thirteen years that have elapsed 
since my first visit my knowledge of New Zealand plant for- 
mations has been considerably extended, so that the subalpine 
scrub at once struck me as being different from any that I had 
observed elsewhere. Mr, Matthews, whose knowledge of living 
New Zealand plants and of their stations is very wide, also 
agreed that the formation m question was quite distinct from 
any he had seen before. Therefore it seems well to put on re- 
cord some details concerning it, such publication being the 
more desirable since at any time the scrub may be in large 
measure destroyed by fire. If this were the case, it must 
also be borne in mind that the formation could never reappear 
in its primeval form.J 


* Joum. linn. 8oc,, Botany, vol, x, 1869, p. 68. 
f On the Mu8e% of the CaloareouB DiBtriots of New Zealand, with 
Descriptions of New' Species*’ (Trans. N.Z. Inst, rol. xxxv, 1908. p. 828). 

J Cockayne , 1 L., On the Burning and Reproduction of l^halpme 
Scrub and its Associated Plants” (Trans. N.Z. Inst, vol. xxad, pp. 416-17, 
1899) 
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2. General Remarks ok the Subalpike Scrub op New 

Zealand. 

Before proceeding with the details of the subalpine scrub of 
Mount Fyfife, some general remarks on this plant formation 
and its allied formations m New Zealand as a whole do not 
seem out of place. 

To the various associations of shrubs which are so fre- 
quently met with at all altitudes from sea-level to the sub- 
alpme region the New Zealand colonists give the name “ scrub.” 
And no word can better express the character of such assem- 
blages, the members of which are of an extremely dense habit 
of growth, with stiff or wiry interlacing or divaricating branches, 
seemingly bearing the impress of countless furious gales. Such 
scrubs are usually related, both ecologically and floristically. 

Characteristic stations are the sea-coast between forest and 
sea-shore (coastal scrub), river terraces m the montane region, 
and fans of rivers issuing from mountain torrents (terrace scrub 
and in some cases river-bed scrub), stony beds of glacier rivers 
near their source, morames, and the upper margin of the sub- 
alpine forest, where the scrub forms a compact and dense belt 
between the forest and the subalpine meadow It is to the 
three last categories that the terra “ subalpme scrub is here 
applied. Such a formation is not to be encountered on all 
New Zealand mountains. It is found m greatest perfection on 
those where the rainfall is excessive and the rainy days numerous, 
while where the driest conditions prevail it may be wholly 
wanting, or restricted to a few sheltered spots such as gullies 
or moist hollows. 

Ecologically the subalpine scrub consists of shrubs or low 
trees, with one exception evergreen, and usually of a xerophytic 
character. Amongst the more common adaptations of these 
shrubs are the following : (a) Dense habit of growth, with 
much-interlacing branches and small leaves; (6) coriaceous 
hard and stiff leaves, very frequently clothed with tomentum 
on their under surface; (c) vertical needle-shaped leaves at 
the extremities of stiff, erect, naked branches; (d) leaves 

• In the English translation of Schiinper’s Plant Geography/’ p. 761, 
tluB formation is termed • ** elBn-wood and shrub,” a by-no-means happy 
rendering of the German und OetAmuth, It seems to me 

^at the term subalpine scrub ” is much more expressive. As for the 
nrufnmMhf it is repriNiented in New EeaUnd chiefly oy the stunted trees 
whioh sometimes form the upper seone of a subalpine forest, and of wldch 
only a meter or no in height, is an excellent 
exampie. Such, If they occur in eompaiiy with other shrubs, I should 
inoluds in the subalpine scrub. I^ls also translated KniehotU as ” sub- 
alpine sorub ” Vegetadons-Biologie von Neu-Soeland,’' p. 261), 
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reduced to scale-like organs closely pressed against the shoot- 
axis, (e) recurving of leaf-margin. Many of the plants, too, 
have aromatic leaves, and a number are hygrophytic m the 
juvenile and xerophytic in the adult form. 

Floristically, the formation under consideration contains 
a diverse assemblage of genera and orders made up of shrubbjr 
veronicas, composites, epacrids, taxads, arahads, and rubi- 
aceous plants, together with certain other shrubs such as Pittos- 
porum rigidufn* Aristotelia IttUtcosa^ Suttonia divaricdta, and 
Oai/a lyM%i Herbaceous subalpme and alpme plants grow 
under the shelter of the shrubs, wheie these latter are not too 
dense, while Phormium cooktanum and the giant umbellifer, 
AciphyUa cdensoi compicua, when present, easily hold their 
own with the arborescent vegetation. 

Such a belt of shrubs may vary much m breadth and height, 
but it is always most difficult to penetrate, and in some places 
IS all but impassable, unless a track be cut through it. As for 
the composition of its members, this is far from uniform for all 
New Zealand mountains. Various plants are dominant in dif- 
ferent regions, or even m adjacent scrubs. Thus, at the source 
of the River Poulter in the Snowcup Mountains the physiognomy 
of the adjacent scrubs is so entirely different that it is easy to 
tell at a distance whether Gaya lyallii, DracophyUum traveretif 
or Phyllocladus alptnus arc dominant Also, the arrangement^ 
number, and proportion of the constituents vary in different 
localities. As for the shrubs themselves, some belong exclu- 
sively to the subalpme region, f such as Nothopanax hneare, 
Olearia lacunosa, 0. tllicifolia mollu, 0, excoriicala, Veronica 
hectort, F. subalpina, Senecto bidwtlhi, Dracophyllum traversii ; 
othera again, such as Olearia iUicifolia^ Coproema propinqua^ 
Caaainia vauviUiersht Dracophyllum longifoUuntp and Notho* 
panax colemoi, are common to all levels from the subalpine to 
the sea ; while, finally, some others are especially plants of 
“terrace scrub,” such as a number of veronicas, including 
V, cupreasoidea. 

Notwithstanding the special climatic and edaphic conditions 
which govern the distribution of the subalpine-scrub vegetation, 

* Quite recently on the Tararua Mountains I saw the typical F. rigidum. 
Hook, f , growing in abundance. It seems to me quite distinct from the 
above plant, wliioh is common m many parts of ttie South Island, but 
in this uaper the usual idenUhoation may stand. 

t Oi course, it is not impossible to find stray plants of any region in 
one to which they do not properly belong. Thu# I haver observed the 
truly subalpine and perhaps nlpme Ranuneuha lyiMi at sea-level. Mil- 
ford Sound, and Hehchruaum grandicepa at 400 m. in Westtands but that 
does not exclude these plants from being oonsideied rightly as plants of n 
much higher altitude. 
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many of the shrubs are easy to cultivate, and have become 
favourite garden -plants in various parts of Europe, where they 
are more prized and better known than in New Zealand, Some 
of the finest are, however, still very rare or unknown in cultiva- 
tion, as, eg,^ Olearia lacunoaa, 0. excorttcataf 0. captHartSf 0. 
Uhcifolia molhs, Caaainia albida, and Dracophyllum traversn ; 
but this latter magnificent small tree is not easy to cultivate 
or to propagate. 

3. The Subalpine Scrub of Mount Fyffk 
(a ) General Features, 

At a height of about 940 m. the subalpine scrub is first en- 
countered upon Mount Fyfie, fornamg, so far as I could observe, 
a narrow belt varying in width from perhaps 20 m to 45 m. 
along the upper margin of the mixed forest which thickly clothes 
the lower parts of the mountain to its base. This scrub consists 
in very large measure of Cassinta albida, which in many places 
makes an almost pure formation, and which everywhere far 
and away exceeds the other plants in amount. Here and there 
mixed with the Oamnta, but always in small quantities, are 
the following . Veronica iraver8i% Veron, leiophyUa, Dracophyl- 
lum uniflorumy Arutoteha fruticoaay Aristot, cclensoi, Podocar- 
pus toiaray Rubus australisy Gaya ribifoliay Olearia cymbifoUuy 
0, coriacea, 0. forsteriy Senecto geminatusy Coprosma parvtfloray 
Cop, rhamnoides, Phormium cookianumy and Aciphytta colensox. 
Of the above some are very rare indeed, only two plants of 
Olearia coriacea and one of 0. forsteri being observed. 

Viewed from a short distance the formation appears a 
mass of sage-green, due to the superabundant Cassinia, with 
its small leaves green on the upper and white on the under 
surface, but relieved here and there by the dark-green upright 
sword-like leaves of the Phormium, As the eye becomes used 
to the monotone of the Cassmiay other greens, and even browns, 
become evident-HJ.gf., Veronica iravtrsiiy yellowish-green ; young 
trees of totara, these a little taller than the rest of the scrub, 
and of somewhat the same hue as the Veronica y* and Dracophyl- 
lutfi^ its close erect needle-like leaves reddish-brown in the mass. 
Gaya ribifolia is also present in sufficient quantity to make its 
mark, but at the time of my visit it was leafless. At a later 
period its leaves of a tender«green, and its wealth of white 
cherry-like blossoms, must form a striking feature of the scrub. 

On the fairly deep soil beneath the shelter of the shrubs are 
the followmg herbaceous plants and ferns : Aocma sanguisorhwy 
var., forming a carpet over the ground in many places, with the 
diM erect Ironds of Lomaria alpina growing through it. Here 
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and therct like a pigmy pine-tree, is Lycopodium fmiigiatum 
Ligustioum aromatioum and Geranium microphyUum are also 
common, but their lowly habit renders them inconspicuous. 
More striking, especially when in bloom, is a species of E'pi- 
lobtum, allied to Ep, chlorwfolium^ with rather large reddish 
leaves and very large white flowers. Here and there, scattered 
through the scrub, where the sheep cannot destroy them, are the 
large silvery leaves of Cdmisia coriacea. But the feature of the 
undergrowth, and that which gives it its special character, is the 
splendid buttercup liununculus lohulans, with its largo orbicular 
or subpeltate leaves and tall stems crowned with golden-yellow 
flowers. 

The general height of the scrub is some 12 m. to 1*5 m., and 
the shrubs, themselves of a dense habit, grow closely together. 
This makes the formation not easy to penetrate, especially where 
Bubm aunircXu has invaded it from the neighbouring forest and 
binds the shrubs closely together with the hooked prickles of 
its petioles and mid-ribs. All the same, this subalpine scrub 
cannot be put into the same category with regard to its impene- 
trability as that of a mountain m the western Southern Alps 
or Stewart Island, or especially such a scrub as occupies the 
hillsides and valleys of Campbell Island. 

(6 ) Chrmie. 

Before considering the life-forms of the various members of 
the subalpine scrub, such details as are available with regard to 
the climatic conditions to which it is subject must bo given. 
These are, however, very incomplete and quite lacking scientific 
accuracy. In fact, with one or two exceptions, no meteorological 
records have as yet been taken in the subalpine region of New 
Zealand, and none are available for the Kaikoura Mountains. 
Thanks, however, to the enthusiasm of Dr. John St. C. Gunn, 
F.R.Met.Soc., statistics are available for the past eight years 
as to the climate of the Kaikoura Plain at near seadeveT. More- 
over, Dr. Gunn has very kindly supplied me with some important 
details as to the chmate of Mount Fyfie itself, which have a 
distinct bearing on the ecology of its plant^covering, regarding 
which he thus writes to me : “ I am sending you the information 
you ask for. Of course, it can only be approximately correct, 
but I have discussed the matter with Mr. A. Kennedy, who owns 
the Mount Fydie Bun, and also with Mr. James Dunbar, the 
head shepherd at Greenhills, who from many years’ experience 
of the ranges ought to know ” 

Taking the seven years from 1897 to 1903 inclusive, the 
mean yearly maximum temperature was 17® C., the mean yearly 
minimum -5*9®C., the absolute maximum 34 ‘4® C., the absolute 
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minimum —6*1® C., and the mean daily range 11‘4®C Judging 
from the plants cultivated in gardens at Kaikoura, and which are 
never damaged by frost — egr., Pdargonium sps., and Albtzzta 
lophantha^ Benth.— the minimum temperature as given above 
seems too great, but Dr Gunn informs me that the frosts are of 
very short duration indeed. 

The average yearly rainfall for the above seven years was 
90*8 cm., and the total number of rainy days ninety-nme. The 
largest fall of rain recorded was 16*87 cm. on the 18th October, 
1900, Snow rarely falls, and then only lies for a few hours ; 
but on rare occasions a heavy fall takes place and the ground is 
white for four or five days. 

As for the temperature of Mount Fyfie itself no positive 
facts can be given. The atmosphere is at times very clear, and 
then the solar radiation must be considerably greater than on the 
plain. One has only to ascend the mountain on a perfectly 
cloudless day to become well aware of this. Allowing the fall 
in temperature to be 0*5® 0. for each 100 m., then the temperature 
at the subalpine-scrub line would be 4*7® C. lower than at sea- 
level. But such data as this may be very wide of the mark. 
One thing seems fairly clear — namely, that on all the New 
Zealand mountains, generally speaking, the cold of winter is not 
nearly as severe as it is popularly supposed to be; for New 
Zealand subalpine plants — veronicas, for instance— are almost all 
not hardy in the neighbourhood of London, but are killed or cut 
to the ground if the frost be at all above the average.* The 
length of time that snow lies on a mountam, and the limit of the 
winter snow-line, is a matter of great moment with regard to the 
plant-covering— in fact, the winter snow-line is, in my opinion, 
the point of demarcation between the alpine and subalpine 
regions, while the average distance to which an average winter 
fall of snow reaches and remains for a day or two on the lower 
slopes marks the beginning of the subalpine region proper. The 
following is supplied by Dr. Gunn : The winter snow-line is, 
on Mount F3rne, at a distance of 184 m* to 303 m. from the 
summit, and from this point to the top of the peak snow lies 
for six months during tne year. An ordinary winter snowfall 


^Numsrous mstanoeii could bs quoted from the E&gllBh horticul- 
tural papm. The following mutt sumoe. BalUmore, W., Vmmka Ira- 
eereii, ** Garden,’’ vol Ixvi, 391, 1904 : ** About Ijondon it ia im- 
poBsible to grow Veronka ipmoM out of doorf* the whole year round, and 
of the forty or fifty gpeoiee to cultivation very few can be said to atand 
unharmed through a winter of moderate eeverity. At Kew F. traverm 
il found to stand the best, though to a severe winter it is damaged, but 
when a suoceesion of mild wtotett is experienced it becomes very strong 
and sturdy, and grows into a bush 24 It. or 3 f i to h^ht and 8 It. to 4 ft 
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descends to about 909 m. altitude, aud here it may he for about 
a week. From this it can be seen that the subalpine scnib will 
never be exposed to the heavy weight of snow whicli will be 
borne by the alpine plants proper, and that it will have usually 
no protection from the numerous frosts of winter and from 
those others which may occur at any season of the year. 

During five months of summer the whole of the Seaward 
Kaikoura Mountains are clear of snow, although occasionally 
at Christmas there remains a small patch on the south-west 
flank of Mount Kaitarau, close to its summit. Often, however, 
in December, November, and October there may be a fall of 
snow on the mountains which disappears m the course of a day 
or two. 

As for the rainfall, Dr. Gunn points out that even at the base 
of the mountain it is greater than at Kaikoura, and higher on 
the slopes it must be much greater still My experience of 
Mount Fyfie during my first visit gave me some idea as to the 
climate of that mountain. When the wind blew from the sea— * 
a very common wind— the mountain rapidly became enveloped 
m mist, which turned into rain of greater or less violence. On 
one occasion, only a few drops of ram fell at the base of the 
mountain, but above, the fall was so heavy as to cause a creek, 
dry in the morning, to flood the road on either side of its course 
m the afternoon for a distance of more than 15 m. The day on 
which I climbed to the summit of Mount Fyffe was quite clear 
in the morning, but at noon a mist gathered on the summit, 
and m an incredibly short time the ram qame down in torrents, 
and so contmued during the whole descent. 

(c.) Floristw and Ecological Details regarding the Members of the 

Scrub, 

To come now to the life-forms of the plants. Cassinia 
albtda is, so far as has been recorded hitherto, confined to the 
Kaikoura Mountains and their vicinity. It is especially dis- 
tinguished from C. vauvUliersti, of which Kirk considered it a 
variety, m the tomentum of the under surface of the lea^^whltfl^ 
is white or yellowish- white, aud not fulvous a(i,ia this latter 
species, and this character gives the shTul^»#1nost distinct ap- 
pearance. There are two forms of C, — ^the one with a 
thin covering of hairs on the upper s!maoe of t^e leaf, which 
is not noticeable without close examnation, and doej not in 
the leatt veil the green of the \oal Y the dther covered with a 
mat of fine white hairs on the up^r surface of the leaf, so as 
to give the whole plant the appeirance of being covered with 
dust or afflicted with a mildew. iThis form, though not tiearty 
so common as the type, is to be Encountered everywhere, ai^ 
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probably comos true from seed. For it I propose the name 
“ canescens,'^ which would cither be a variety of C, albida^ if 
that be considered a species, or form canescms of C. vauviUterstt. 
Whatever view be taken matters little so long as so distinct a 
plant has a name. When growing amongst the scrub Casainia 
alhida is a shrub of slightly straggling habit» having many 
branches prostrate towards the base and then ascending, but 
quite naked except towards their apices. Here are given off 
from the main axis numerous close, short, erect shoots, ± 13 cm. 
in length, their lower halves unbranched and densely leafy, but 
above furnished with many short lateral shoots, given ofi from 
the stem at an acute angle, the length of the basal and largest 
shoots being ± 2 7 cm. Such shoots are also all densely leafy, 
and the whole erect dense head of foliage may be about 22 cm 
long bv 20 cm. broad. The leaves are closely imbricating in 
the bud, but when fullv developed are patent, the lamina being 
bent at right angles to the short petiole. In size they measure 
about 1 I cm to 1 4 cm, in length by about 4 mm. in breadth, 
which is larger than the measuremonts given by Kirk and 
Hooker for 0. vauvUherstt, The var. canesoens, at least in my 
specimens, lias rather longer leaves still — 1 *6 cm The margins 
are sometimes faintly recurved. On the under surface of the 
leaf is a dense tomentum of matted, line hairs. The shoot^axes 
are also densely tomentose The young leaves are extremely 
glutinous, and give of! a somewhat aromatic odour, which is 
quite evident as one passes through the scrub. 

Caasinta alhida is not only found in the subalpine scrub, 
but descends to the river-flats on the Kaikoura Plain, where it 
would probably be more common but for the close growth of 
Leptoapermum scoparium, with which in that situation it can 
ill compete, This is also shown on the mountain, where if 
a portion of the forest or scrub be burnt a Leptoapermum heath 
takes possession, and becomes so strong a feature of the land- 
scape that one might easily take it for a primitive formation. 
C. alhida grows readily from seed, and in some parts of Mount 
Fy4fe the montane meadow contains colonies of this plant. 
In such places are other forms of Caasinia — referrable perhaps 
to C. fxdmda or to V. which form a bewildering 

mixture ; or it may be that C. vamUliemi is in a state of muta- 
tion, and that new forms are coming into being at the present 
time. 

Olearia coriaoea^ of which only two adult and one juvenile 
specimen were noted, is a plant of considerable interest. During 
my former visit to Mount Pyfie I had not noticed it, but Kirk had 
found it there and also in the Awatere district. Notwithstand- 
ing that he had no flowering specimens, he described it in the 
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Students’ Flora,” p. 276, as he considered it to be a distinct 
species quite unlike any other. Olearia conacea is a rather 
tall shrub, having few rigid rather tortuous branches. Below 
these branches are naked, but above they branch into short 
densely leafy twigs. Such leafy part is ± 18 cm. long The 
leaves are small, extremely coriaceous, shortly petiolate, and 
covered on their under surface with a very dense tomentum, 
white with a faint brownish tinge. The upper surfac.e is yel- 
lowish-green, strongly marked by the reticulating veins, which 
give rise on the under surface to distinct lacunte. The most 
striking feature about the leaf is its curious curving, the mar- 
gins being so recurved and the leaf so arching upwards as to 
resemble a saddle, the apica^ portions being so recurved as to 
almost meet, while this part of the leaf curves upwards, ending 
m a point and thus formmg the front of the saddle, the leaf- 
base bemg broad and rounded, and the centre forming the 
hollow. There were no signs of the young inflorescence, but 
the remains of those of last year showed that it is a short panicle 
about 3*6 cm long. In shape, when flattened out, the leaves 
are ovate or broadly ovate, and the blade measures from about 
2*1 cm. by 1*3 cm. to about 1 4 cm. by 8 mm. Growing near 
by was a plant of Olearia forsten with small leaves, and one 
plant of a form of 0, cytnhijoha with large leaves, and this sug- 
gested both to Mr. Matthews and myself that perhaps the plant 
under discussion may be a hybrid between those two latter 
species. 

Phormitm cookianum, which comes next in abundance to 
the dominant Cassima, is a frequent important constituent of 
subalpine scrubs Its powers of resisting drought are very 
great, since it often grows also on faces of rock in close vicinity 
to the sea. 

The two Coprosmas and Aristotelta fruticosa are common 
members of subalpme and river-tmace scrub, having the wind- 
shorn habit of so many New Zealand shrubs. The branches 
are interlacing, and the leaves small. The plants noted of the 
Afistotdia were not of the extreme xerophytic type that the 
species frequently assumes, showing in no case the reduction 
of leaves and the semi-spinous shoots that I have recorded else- 
where.^ 

DracophyUum uniflorum, like some others of its congeners, 
has erect needle-like leaves, an obvious xerophytic adaptation. 
Oaya rihifoha is the plant of the drier mountains. It is rather 
more hairy than its close relation G. lyaUi% and there are other 
differences* one being the ” dripping point” to the leaf, at 


♦ Trant. N.Z Inst., vol. xxxvi (see pi, xviii). 
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times a most characteristic feature of this latter species. Al- 
though these distuictions are apparently trivial, they are suf- 
ficient to keep the two forms distinct from one another ; and, 
although they may approach within a kilometre or two of one 
another, they are not found mixed together.* 

The two veronicas, F. traversii and F. leiophyUa^ are not 
especially xerophytic. It is true they are not so hygrophytic 
in form as Vetonuia saltcifolia and its allies, but they show 
no very special adaptations for the conditions of life of a sub- 
alpine scrub. On the other hand, such conditions in the scrub 
under consideration do not seem to require very special adapta- 
tions, and the extreme xerophylly of Olearm coriaoea is out of 
place. Even the other xerophytes could endure much severer 
conditions ; and it seems here that we have another case of 
what I have pointed out several times in previous papers f— viz., 
that such xerophytic structure is a survival from a former 
geological period when large areas of New Zealand were ex- 
tremely arid. 

Xerophytic structures are still more out of place on the 
floor of the subalpme scrub, and the list given above shows 
that such are hardly present. The only plant of special interest 
tv be noted is the Ranunculus lobulatus. This was referred 
by Kirk to Ran instgms as var. lobulatus^ but he had never 
seen the flowers, and, as he showed, the leaves are very dis- 
tinct from those of /?. insignxs. To my mind it is a well-marked 
species, and its affinities seem rather with R. munroi than with 
it. xmignis. The leaves are large, with long but comparatively 
slender petioles. The lamin® are thin, reniform- orbicular, 
narrowly lobed, bright-green on the upper surface, pale be- 
neath, variable in hairiness, but usually glabrous or nearly so 
on the upper surface, but with more or less very fine white hairs 
on the under surface and the petiole. Frequently the sinus 
at the base of the loaf is closed, and all sorts of transitions to- 
wards a peltate leaf ensue. The seedling has the first leaves 
quite entire^ and with a cuneate base ; the next leaves have an 
apical lobe ; later leaves develop two lateral lobes, and the base 
becomes rounded and shows traces of a sinus. Evidently the 
young leaves are arrested stages of the adults. A largo leaf 
may measure (lamina) 17 cm* by 15’5 cm., petiole 26 cm. There 
were a few flower-buds on some of the plants, and one had a 
flower nearly open. The sepals are broad, with a notched 

* Cockayne, !»., On the Seedling Forms of New Zealand Phane- 
rogams,** Ac. (IVans. N.Z. Inst., vol. xxxiii, p. 272, 1901). 

t Trans. N.Z. Inst., vol* xxxfli, pp, 277-9i^ 1900; I^ans. N.Z. Inst., 
vol. ^caxvi, n. 251, 1904 ; and “The mw Phytologist,*’ vol iv. No. 4, April, 
1905, pp. 84, 85. 
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or emarginate apex, and slightly hairy. The petals are six, 
yellow, rounded or perhaps sometimes emarginate, obovate, 
l* * 3om by 8 mm., and at the base of each m one gland The 
peduncle branches near its apex, and in the case examined 
was 8-flowered. 

The other plants of the floor of the subalpme scrub are too 
well known to require any special mention. Formerly most 
likely the Ranunc^dm was far more common, but it can now 
only exist where secure from sheep. These have been pas- 
tured on Mount Fyfie for many years, and have completely 
changed the aspect of all the formations except those of rocks, 
the subalpine scrub, and the forest ; in fai't, up to 1,000 m. there 
is little, so far as the subalpine meadow is concerned, to point 
that it belongs to a lofty alpine range 
According to McKay*** the Kaikoura Mountains are very young 
geologically — much younger, indeed, than the Southern Alps. 
Such a range mi^ht be expected to show sipis of initial en- 
demism, and this seems to be the case in regard to the 
Ranunculus, Cassima, and perhaps Olearia coriacea, dealt with 
above. On the other hand, relict endemism should, I take it, 
be absent, whereas the highly specialised Olearia imtgnis ia 
peculiar to the Kaikouras, their foothills and environs. The 
remarkable Hdichrysum selago also is perhaps a similar case. 
But before any statement of much worth can be made on this 
interesting subject, careful lists require to be made of the Kai- 
koura plants for comparison with similar lists from adjacent 
more ancient mountains. 

4. Summary of Rksults. 

1. There is a distinct zone of plants between the limit of the 
forest and the subalpine meadow on many New Zealand moun- 
tains, consisting chiefly of xerophytic shrubs, which may be 
named “the subalpine scrub” 

2. This formation occurs on Mount Fyffe, but differs from 
typical subalpine scrub in the small number of its Species, and 
in the fact that Cassinta alhida, a plant peculiar to that 
locality, is so abundant as not only to be dominant but in places 
almost a pure formation. 

3. Ranunculus lohulatus, a plant also peculiar to that region, 
is the principal plant of the ground beneath the scrub. 

4. Some of the shrubs are strongly xerophytic, especially 
another plant peculiar to the range, O&xria oonaeea, while others 
are much more mesophytic, 

* On the Geology of Marlborough an<i South-east Nelson,” Reports 

of Oedqg. Exploration during 1890-91, p. 5, 1892. 
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5 The amount of xerophylly m many New Zealand plants 
is by no means a measure of their adaptation to present environ- 
ment, but 18 more likely a survival from a former geological 
period when xerophytic conditions were more widespread. 

6. The vegetation of the Kaikoura Moimtains appears to 
yield evidence both for and against McKay’s theory of the ex- 
treme youth of these ranges. 


5 List op Plants op the Subalpine Scrub. 
Lycoyodtacem, 

Lycopodium fastigiatum, R. Br, 

FUtces, 

Lomana alpuia, Spreng. 

Taxacew, 

Podocarpus totara, Don. 

Liliacece 

Phormium cookianum, Le Jolis. 

RanuncuktoecB. 

Ranunculus lobulatus, sp. nov. = R. insignia, Hook. /., vor. lobu- 
latus, T. Kirk, “ SiitdenU^ Flora,'^ p. 8. 

RosacecB. 

Acaena sanguisorbee, VaM, mr. 

Rubus australis, Forst. /., var, glaber. Hook. f. 


Oeraniaecce. 

Gleranium miorophyllum, Hook. f. 

TiUutcem. 

Anstotelia fruticosa, Hook. /. 

„ oolensoi, Hook. f. 


Malvacew. 


Gaya ribifolia, a®, nov. = G. lyallii, J. E. Baker ^ var. ribifolia, 
i^. V. MueR. 


Onagracem. 

Epilobium^ sp. aff. E. ohlotesfolium, Hawskn. 


UmbeUif^. 

Aoiphylla colensoi, Hook. f. 

Ligusticum aromatioum, Banks and Sd. 

Bpamdaom. 

Draoophyllum uniflorum. Hook. f. 
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Scrophidarinacea. 

Veronica leiophylla, Cheesem. 

„ traversii. Hook f, 

RvbiaoecB, 

Coprosma parviflora, Hook. /. 

„ rhainnoides, A. Cunn, 

ComposifcB. 

Cassima albida, sp nov. — C. vauvUltersti, Hook. /., mr. albida, 
T. Kirk, “ Students' Floral' p. 315 
C. albida, Cockayne, var. canescens, mr nov. 

Celmisia conaoea, Hook. f. 

Olearia conaoea, T. Kirk. 

„ forsteri. Hook. f. 

Senecio gemmatus, T Kirk = Traversia baccharoides, Hook, /. , 
Handh. N.Z Flora, p. 164 


Art. XLVTL — on the Growth of certain Native Tree$ in 
the Auckland Domain, 

By James Stewart, M.InstC.E. 

[Mead before the Auckland Instxtute, 9th October, 1906.] 

PlatoH XLVIPLl 

The rate of growth and age of our native trees have often formed 
a subject of inquiry, and observers have from time to time re- 
corded particulars, principally relating to increase in height and 
girth of the trees mostly used for building purposes and in the 
industrial arts of the colony. In vol. xx of the “ Transactions 
of the New Zealand Institute ” appears the last of three articles 
by the late Mr. James Baber, who took much interest in the 
subject, and, from his early residence in the colony, and some 
praotioe in aboriculturo, was well qualified to speak on it. 

In Itr. Baber’s notes alluded to, written in 1887, the height 
and girth of three kauris, planted in the Auckland Domain in 
1865, are given, the average girth at 2 ft. from the ground being 
2 ft. 2 in., and average height 25 ft. This represents a diameter 
of 8J in. only, and, as the trees had been established twenty-two 
years, it shows an average increase of Jin. in diameter and 
about 1 ft. in height per annum, making allowance for dimen- 
sions at the time of planting. It is to be regretted that tJie 
trees so measured by Mr. Baber in 1887 were not in any way 
fixed for future identification. It is therefore impossible to trace 
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the increase of growth from that time in other than a general 
way. 

As forty years have now elapsed since these trees were planted 
by Mr Chalmers in 1865, it was thought to be a good time for 
further inspection, and I undertook, at the request of the Council, 
to measure and locate for future reference the various trees in 
the plantation. This work, on examination, proved to be one 
of more magnitude than was anticipated The plantation ex- 
tends in a nearly north and south direction almost an eighth 
of a mile, and occupies a width in the valley of 50 ft. to 60 ft., 
excepting at the southern end, where the trees are more scat- 
tered. A dense undergrowth (since cleared ofi) rendered the 
work of survey all the more troublesome. In all, the positions 
of ninety-six pines and two rewarew^as were fixed by systematic 
survey, and their girths measured at 2 ft above ground The 
heights of fifteen of these were accurately measured, all as ex- 
isting on the Ist June, 1905. 

The situation is in a comparatively sheltered valley in which 
is a small but permanent stream. The surface soil is dark and 
heavy, and is partly alluvium from the volcanic basins forming 
the upper levels of the domain. The subsoil is a hard yellow 
clay. The conditions, on the whole, are very similar to the 
more fertile forests, such as Waitakerei, where kauri and mixed 
bush are found in perfection. The trees, without exception, 
present a healthy appearance, and have been for forty years in 
the normal conditions of the “ bush,** 

On the plan herewith is recorded the position and species of 
each of these trees, and their girths in feet and inches A series 
of totara pegs, numbered 1 to 9, are placed, from one or other 
of which the distance in feet and direction of every tree is shown. 
The magnetic bearings and distances of the traverse pegs are 
given, and the whole of the observations have been plotted on 
strong mounted paper, enclosed in a tin case, and deposited in 
the Auckland Museum. This record should, in the future, and 
from time to time, enable any of these trees to be identified^ 
their dimensions compared, and rate of growth determined. 

The trees shown on the plan consist of— totara, 12 ; kauri, 
18 ; rimu, 36 ; miro, 8 ; tanekaha, 15 ; kahikatea, 7 ; and 
rewarewa, 2. The only pine not represented is matai. The 
heights of the fifteen, as measured, average— kauri, 41 ft. 8 in., 
girth 3 ft. 1 in. ; rimu, 44 ft., girth 2 ft. 6 in. ; totara, 40 ft. 
8 in., girth 3 ft. 1 in. ; miro (one only), 32 ft, 10 in., girth 2 ft. 
4 in. ; kahikatea (one only), 48 ft. 8 in., girth 2 ft. 11 in. ; rewa- 
rewa, 43 ft. 2 in., girth 3 ft. 

It will be observed that, allowing for the probable siise when 
planted, the average rate of growth for the first forty years in 
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this location may be taken at about 1 ft m height and ^ in. 
in diameter per annum. The fifteen trees whose heights were 
measured are indicated on the plan by arrows, and the heights 
figured in feet and inches. 

Some doubt has at times been expressed as to whether the 
rings or increments of growth as shown by the cross-sections of 
kauri and other New Zealand pines indicated annual growths, 
as they admittedly do in the deciduous trees and pines of other 
countries. It was deemed to be quite probable that two in- 
crements might be formed annually, especially m the case of 
kauri, in the subtropical north of Auckland. All analogical 
reasoning pointed to one very distinct increment of growth per 
annum, but something more conclusive was desirable. As the 
time of growth of the trees in question was definitely known, it 
was seen that an opportunity was here presented, probably 
unique, to determine the point. With this view, and m the 
objects of science, application was made last year to the then 
Mayor, the Hon. E. Mitohelaon, for permission to cut one kauri, 
to be selected by Mr. W. Goldie, Superintendent of Parks. This 
was readily granted, and, when the time came, confirmed by His 
Worship A. M. Myers, Esq., the present Mayor. In selecting the 
tree to be cut, Mr. Goldie drew attention to the circumstance 
that at one place the trees were too much crowded, and suggested 
that one of them, a rimu, should also be cut down. The consent 
of His Worship the Mayor having been formally obtained, the 
two trees were out on the 4th September last, and cross-sections 
obtained of each. The kauri was 3 ft., and the rimu 3 ft. 9 in., 
in girth. 

The sections of the kauri show much irregularity, not only 
in the thickness of rings, but in the size at different places in the 
same ring. In some places there are eight rii^s to 4 in., in others 
three to 1 in. On account of this irregularity and constriction, 
it is a matter of some difficulty to count the rings. The growth 
of the kauri has been exceedingly slow during the fijst lour or 
five years, but there is no doubt that the section shows forty- 
two rings at 1 ft. from the ground, and from the eccentricity 
of the pith these are contained m 3} in. on one side and in in. 
on the other. The increase of height being roughly 1 ft* per 
annum, one ring less will be found for every foot in height at 
which the section is cut. 

The rimu section is much more regular and concentric. The 
tree had taken twelve years to reach a diameter of 2 in* This 
was succeeded by a rapid rate of increase durit^ the next ten 
years, amounting to | in. diameter per annum, iuuring the last 
twenty years the rate has been less but very regular. There 
are in all forty-two rings, and with the exception of the first 
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twelve they are very distinct, and the annual growth unmis- 
takable In several of the rings, especially in the ten larger, 
there are quite evident traces of subgrowths, two, three, or even 
four in one year. 

Plate L shows the sections of both trees. The irrcgulanty 
of growth and the particulars as above noted can be easily 
traced. The extreme oonstnotions of the inner 2 m, of the rimu 
may in part be due to compression, but the transition to a rapid 
rate has been very sudden. An aged rimu commonly shows a 
pole of hard and resinous wood, about 4 in. or 5 in. in diameter, 
which parts easily from the mam body of the trunk. In these 
cores it is very difficult to distinguish the rings 

The rate of growth having, it is believed, been thus demon- 
strated, attention was turned to the cross-section of kauri, 8 ft. 
in diameter, presented to the Museum about six years ago by 
Messrs. Leyland and O’Brien. A sector of it was dressed and 
oiled, and the rings counted as accurately as possible. But the 
task is a difficult one. Within a small Hmit of error, however, 
there can be counted 455 annual growths, the rate varying from 
twenty-five per inch to seven or less This tree had been cut 
in its prime, as evidenced by the ext-ent and dimensions of healthy 
sapwood, which averages 6J in. all round, or 25J per cent, of 
the area of section. This noble kauri, then, must have been a 
vigorous sapling on the slopes of Mangawai before the Wars of 
the Roses. And from the same data we must conclude that 
there are kauri-trees still in good condition whose ages date from 
the early centuries of our era. 

Plate LI shows totara and a small rimu and kauri, and is 
from a photograph by Mr. Joseph Martin. 


Art. XLVin.— On the Leaf-struoture of some Plants from the 
Southern Islands of NeU) Zealand. 

By Miss E. M. Hkrriott, M.A. 

[Read before the Philosophical InetUute of Oanterhurff, 6th Jvly^ 1905.] 
Communicated by Dr. Charles Chilton. 

Plates XXVm^XXXVII. 

Thb Bouthem Islands of New Zealand consist of several groups 
of small islands-— namely, The Snares, Auckland Islands, Camp- 
bell Island, Macquarie tsland, Antipodes Islands, and Bounty 
Islands— lying in the South Pacific Ocean between the parallels 
of 54® 44' and 47® 30' south latitude, and 169® 49' and 179® east 
longitude. They all lie in a more or less southerly direction 
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irom the South Capo of Stewart Island, the southemmoat point 
of New Zealand. The Snares are 60 miles to the south-west, 
the Auckland Group 190 miles south by west, Campbell Island 
330 miles south by east, Macquarie Island 570 miles south-west 
by south, the Antipodes Islands 490 miles east-south-east, the 
Bounty Islands 490 miles east. 

These islands present an exceedingly interesting flora for 
the study of the botanist. First, it occupies an important 
position because of the light it throws upon the history of the 
flora of New Zealand itself. Dr Cockayne (1903) considers 
that here are preserved remnants of an old vegetation which at 
one time spread more widely over the whole of New JZealand, 
and also further south in previous land connections. Now, 
whatever may have been the case in past ages, these islands 
are far removed from any other large tracts of land, and conse- 
quently, where natural conditions have not been disturbed, 
they retain their primitive flora intact. 

Again, in certain parts, especially on Campbell Island, man 
has recently made settlements and introduced a disturbing 
element by seeking to “ reclaim ” certain portions of the island. 
Here, then, is afiorded to the botanist an excellent opportunity 
of finding out “ the general laws that govern such vegetation- 
modifications, for the gradual changes from purely virgin fomw- 
tions to final reclamation can he observed and the factors bring- 
ing this about noted. Then, again, these islands are the homes 
of certain remarkable plant.s which are found here and nowhere 
else, such as StUhocarpa f darts, the species of PleunyphyUum, 
and Olearia lyoU.%i, 

The only opportunity the botanist has of visiting thes^ 
islands — excepting, of course, the special opportunities afforded 
by scientific discovery expeditions — is by accompanying the 
Government boat on her trip round the outlying lighthouses 
and islands to leave stores, A;c. This trip is made twice a year, 
once in winter and again in summer. The weather is often very 
rough and makes landing difficult ; Snares Island is sometimes 
not visited for this reason. Then, again, on a trip such as this 
the time allotted to each stopping-place is necessarily very limited, 
and much has to be done in the way of making notes, collecting 
material, &c., in an all-too-short time. 

Previous to 1903 the botanical visits to the islands had all 
been made during the summer trip of the boat, and thete are 
several accounts oi the summer aspect of the vegetation from vari- 
ous botanists, the fullest being by the late Professor T. Eirk.t 


* Cockayne (1908), p. 801. 

t the BotMiy of the Antarotio Islands’’ (1891). 
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Last year, however. Dr. Cockayne accompanied the boat on 
its winter trip, and the results of his investigations have been 
published in the Transactions of the New Zealand Institute.*'* 
This paper gives much the fullest description of the difiEerent 
plant formations, as regards their nature and extent, and is a 
very valuable addition to the history of the botany of New 
Zealand. There is some detail given of the more important 
plants concerning their adaptability by their structure to their 
surroundings, and in some cases a hasty description of the 
anatomical structure is given. In this paper I propose to go 
more fully into the anatomical structure of the leaves of certain 
of these plants, to show in what way the plant adapts itself to 
meet the peculiar conditions of the climate The leaf is the 
organ chiefly affected m cases of this kind, since the most urgent 
need of the plant is that it should be able to obtain or retain 
a sufficient supply of moisture. This induces the so-called 
xer^hytic charac^rs which are mainly met with m the leaf. 

The material on which I have been able to work has been 
growing ready to my hand. Dr. Cockayne, during his visit to 
the islands, succeeded in making a very valuable collection of 
living plants, and this he has very kindly presented to the bio- 
logical laboratory of Canterbury College for its rockery. The 
rookery was built last year, under Dr. Cockayne’s supervision, 
for the cultivation of alpine plants. It is situated on the south 
side of the laboratory, and is thereby protected to a considerable 
extent from the sun. The plants of th^ Bouthem Islands have 
been placed on the shadiest portion of the rockery, so that they 
will (jet very little sun indeed. This, as will be seen from the 
description of the climate prevalent on the islands, is a necessary 
factor to insure their satisfactory growth, for we find that the 
smi IS seldom seen there. Most of the plants have taken very 
kindly to their new surroundings, and are flourishing well; 
some few have been unable to maintain an existence in the 
absence of certain p^uliar characteristic constituents of their 
habitat, and have perished. 

In all, twenty-nine species of flowering-plants were examined, 
a list of which is given later on. This was all I had time to 
examine, and includes moat of the species on the rookery. The 
more important and striking of the plants I have endeavoured 
to describe more fully. 

In a^ study of this nature there are two factors which must 
be ooniudered as most important in determining the character 
of the plant : these are (1) the climate, and (2) the soil. 


* ** A Botaniosl Ezoursion during Midwinter to the Southern Islands of 

New Zeslsiid.” 
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L Climate , — All the islands seem to resemble one another 
very closely in respect of climate. First of all, Hooker notices, 
in his “ Flora Antarctica ” (vol. i, xi), “ that the vast proportion 
which the water bears to the land tends to render the tempera- 
ture more uniform throughout the year—the further south the 
position the more equable the chmate seems to be. . . The 

power of the sun is seldom felt, and, unless in the immediate 
neighbourhood of land and accompanied by a comparatively dry 
wind, that luminary only draws up such mists and fogs as 
intercept its rays. . . . All the islands to the south of 45® 

partake more or less of this inhospitable climate, which, though 
emmently unfavourable to a varied growth of plants, still, from 
its equable nature, causes a degree of luxuriance to pervade all 
the vegetable kingdom, such as is never seen in climates where 
the vegetative functions are suspended for a large portion of the 
year.”* 

The chmate of the Auckland Islands, he says, is “ rainy 
and very stormy ” (p. 2). Dr Cockayne sums up the features 
with regard to the climate of the Auckland Islands as follows : 
“ (1) There are a great number of rainy days ; (2) the moisture, 
which can easily permeate the peaty soil, will not readily evapo- 
rate owing to the almost constant cloudy skies, these also tending 
to keep the air full of moisture , (3) there are very frequent 
winds, sometimes of great violence, accompanied by rain or 
sleet ; (4) the winter climate is extremely mild— much milder, 
indeed, than that of certain parts of the South Island of New 
Zealand at sea-level, as, e.gi., the Canterbury Plains ” (pp. 235-6). 

The climate of Campbell Island is very similar . “ There is 
the same lack of sunshine and similar frequent gales accom- 
panied by drivmg rain and sleet, especially in spring and autumn. 

. . Sunshine is most frequent during the summer months. 

. . . The snowfall at sea-level is very slight . . . comes 
m blasts from the south-west, while these gales are frequently 
accompanied by hail. ... In the * subalpine region ’ the 
frost is much stronger . . . there was no general covering 
of snow . . ^ such frosts . . . subject these plants to 
comparatively severe conditions” (p. 268). Here are found, 
amongst other plants, Cofraema repens^ Epilobium confertifo^ 
Hum, PhyUaohne davigera 

“As for rain, really heavy rain is not very frequent ; usually 
it is a fine dnzzie. In short, there must be a great number of 
rainy days, but no excessive annual rainfall ” (p. 269). 

“ With regard to the climate of the Antipodes Island, I 
should imagine that it is very similar to that of the other South- 


• Hooker (1847), “ Summary of the Voyage,” vol i, xi* 
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ern Islands— cloudy skies, frequent showert, a mild temperature 
in winter but a cool summer, and, finally, furious gales and 
squalls with hail or sleet, of which winds the nature of the arbor- 
escent plants beam abundant evidence ” (p. 285). 

On the Bounty Islands there is no vegetation except “ an 
alga clothing the rocks and giving them a greenish hue in places, 
and on the rocks a mass of a peculiar species of DurviUma^^ 
(p 297). The prevailing conditions of climate are therefore well 
summed up in the above description of the climate of Antipodes 
Island 

The temperature is pretty uniform throughout the entire 
year, and active growth is possible for the greater portion of 
the year. There is very little sunshine, the sky being usually 
cloudy, and when there is no actual ram the atmosphere will 
contain considerable moisture. All the islands are subject to 
rather severe gales, and this has an effect on the number and 
appearance of the ligneous plants present. On Snares Island 
and Auckland Islands there is a pretty extensive forest forma- 
tion, but on Campbell Island, in conse(]|uence of severer winds, 
it is merely a scrub formation ; on Antipodes Islands the scrub 
is even less developed, while on Macquarie Island there is none 
at all. 

2. /Sot7,— The second important factor which influences the 
form and structure of plants is the nature of the soil m which 
they grow ; and we find the different soils characterized by dif- 
ferent formations or associations of plants in w^iich some one 
plant or more predominates and gives its especial character to 
the formation. Here, again, following Dr. Cockayne’s classifi- 
cation, we get the following formations : (1) Sand-dunes, only 
on Auckland Island ; (2) coastal rocks ; (3) forest in Auck- 
land Islands and Snares, scrub in Campbell and Antipodes ; 
(4) lowland tussock ; (5) meadow formations \ (6) bog in An- 
tipodes Islands ; (7) subalpine— (a) meadow, (6) rocks 

Full details of these formations are to be found in Dr. Cock- 
ayne’s paper of 1903 (p. 226). 

The soil in which these plants of the Southern Islands find 
themselves situated is therefore generally of a moist peaty 
nature, and not one which at first sight calls for modifications 
to check the amount of water transpired ; but an examination 
of the chemical ooimposition of such a soil shows that it must 
necessarily consist of variohs salts, which the water to be taken 
into the roots will dissolve. In swampy districta, also, there 
is a great percentage of humic acid present, and this is harm- 
ful when taken into the tissues of the plants. Xn the first 
ease, salts that are dissolved by the water in the soil influ- 
ence the osmotic processes, and consequently the absorption of 
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water.”* This is just a natural application of the laws ruling 
the phenomenon of osmosis When the root absorbs water with 
difficulty it is necessary to reduce the amount transpired from the 
leaves, and hence those modifications of the leaf to check trans- 
piration The soil is also usually poor in oxygen, and this added 
to its acid character renders absorption of water difficult, and 
again necessitates the xeroph 3 rtic character in the leaf. “ The 
water-capacity of a given soil does not. enable us to jud|p;e of the 
quantity of water that a certain plant is capable of taking from 
it.”* 

In considenng the adaptability of the plants to their en- 
vironment, I will first of all deal briefly with some common fea- 
tures of external form which aid the plant in its struggle. 

The strong winds to which certain parts of the islands are 
subjected must necessarily have a corresponding effect in deter- 
mining the nature of the plants Thus, for instance, there is 
an absence of any arborescent species on Campbell Island and 
Antipodes Islands, where there is greater exposure to such gales 
than on the Snares and in the Auckland Group. The trees that 
are present show the direction from which the winds come in 
the stunted branches on the windward side. The small species 
of the Co'proamas which occur on all the islands except Macquarie 
and Bounty Islands show the tendency to avoid exposure to 
the winds by their prostrate habit. Amongst the herbaceous 
plants, a large proportion form rosettes of leaves, which, pressed 
closely to the substratum, are able to resist the dislodging effects 
of furious gales. The huge plants of Pleurophylltm have adopted 
this habit, and form wide-spreading rosettes ” which cover acres.” 
The smaller genera, Ahrotandla, Coiula^ OeMiana^ Myosotu^ and 
Plantago^ may also be classed here. Others have prostrate stems 
creeping over the ground and rooting at intervals ; amongst 
these may be mentioned EfUahium^ Cotula, and Praiia, Others, 
again, as the grass-like forms, Luztila, SdrpuB^ Carex, and Poa, 
are able to withstand any ill effects from the wind by their thin, 
linear, and pliant leaves. The larger herbaceous plants, as the 
two species of Liguaticum and the large-leaved StUbocarpa, are 
able by the stout and firm structure of their leaves to resist the 
wind. 

The modifications of the loaf itself to check transpiration 
may be enumerated as follows (following chiefly Kearney’s classi- 
fication, 1900, p. 279) 

(1.) A reduction in the transpiring surface, in the two species 
of Coproama. 

(2.) The position of the transpiring surface modification 


♦Schimper (1903), p. 85, 
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common in the grasaeB and sedges, also in Astdia and Luzula, 
and in the spiral loaves of the young shoots of EpUobium. Under 
this head also may be classed the peculiar cushion-like plants 
of Cdohanthus and Phyllachne 

(3.) The anatomical modifications of the epidemis of the 
leaf itself, (a.) A well-developed cuticle. This may be smooth 
or strongly wrinkled. A wrinkled cuticle serves the purpose of 
reflecting the light-rays, so that they do not. strike down directly 
on to the chlorophyll tissue below. Such a cuticle is found in 
Ligusticum and Cofrosma^ amongst others. In Acesna and Pm 
foliosa the same purpose is answered by the peculiar outgrowth 
of the epidermal cells into short papillfiD, which are provided 
with greatly thickened outer walls (b.) The great develop- 
ment of hairs as outgrowths of the epidermal cells (Myosotu, 
Olearia, Ranunculus^ &c ), or of the deeper tissues, as in 8t%l' 
hocarpa. (c.) The position of the stomata. 

(4.) Succulence of the leaf. A succulent plant loses water 
much less readily, since the water-tissue gives up its supply 
reluctantly. In some cases succulence is due to the presence of 
mucilaginous slime in the cells of the water-tissue, which greedily 
absorbs and tenaciously retains water.”* Here may be classed 
the bog xerophytes, Cdohanthus subulatus and Phyllachne dam^ 
gera^ and also EpUobium^ Ranunculus pinguts, myosoiis^ and 
Astdia. 

(6.) Structure of the chlorenchyma. In the majority of the 
plants examined the palisade tissue was strongly developed, con- 
sisting of from two to three layers. In Ligusticum antipodum^ 
PhyUachnCf Astdia, and Setrpus it is not developed, but its 
place is occupied by a more or less compact tissue composed of 
rounded cells, which probably acts in something the same way. 

(6.) Presence of oil. Oil-globules are found in the mesophyll 
tissue, and sometimes in the epidermal cells of the two species 
of Coprosma, Olearia, Veronica benthami, and Astdia. It has 
been suggested that the secretion of ethereal oils aids the plant 
in resisting the ill efiects of a heated atmosphere, since “ minute 
quantities of such oils diffused through the air are capable of 
arresting radiant heat.”t 

(7.) Another modification of intereefi; in the leaf-structure is 
the development of stereom tissue. This is seen best in the 
species of lAgustioum. It gives rigidity to the leaves, and pro- 
bably is a protection against the mechanical efiects of the wind. 
In some other species it is developed in connection with the 
vascular bundles, as in Aewna, Epuobium, Olearia, Lussula, and 


♦K«smey(190l), p.307. 
f See Onslow (iS§5), p. 82. 
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Carex trifida^ and it h&cj been suggested that here it is probably 
a protection against loss of water by evaporation from the ves- 
sels.* In Ligusticum it is further reinforced by the development 
of oollenchyma, usually in connection with the epidermis. Pierce 
(1903, p. 124) considers that this oollenchymatous tissue is pri- 
marily formed as strengthening-tissue in young growing organs, 
and 18 afterwards made use of as water-storage tissue, by holding 
the drops of water in the interstices of the cell-walls. 

(8.) Colourless parenchyma tissue, which probably acts to 
store water, is present in Ranunculus pinguts^ and occupies the 
greater part of the tissue of the succulent plants, as Cdohanihus 
and Phyllachne, It is also specially developed in Astelia Cal- 
cium oxalate is developed in certain of the plants In Cdo' 
hanthus it takes the form of clusters of crystals, while in Epi- 
lobium and Coprosma repens, belonging to the Dicotyledons, 
they are needle-shaped crystals formed in groups as raphides ; 
raphidcs are also present in Asteha, Baphides are usually 
associated with mucilage secretion f 

Ranunculus pinguis, Hook. f. 

“ Radical leaves on short stout petioles, fleshy, rounded, 
reniform, deeply crenate, lobulate, 1 in to 3 in. in diameter, 
veins reticulated in young plants, oblong and cuneate ; cauline 
more or less out.’’t 

Hah . — ** Boggy places on hills, 1,000 ft. above sea to moun- 
tain-tops on Campbell Island, and rare in rocky places on Lord 
Auckland’s Island.”! 

Dr. Cockayne (1903) mentions it only once in his account of 
the Campbell Island flora. He says (p. 283) that it is more or 
less plentiful in the rich peaty soil of the wind-sheltered hollows 
of the subalpine rook region. Such a station as this, he adds, 
“ is very favourable for plants, since the very conditions are 
here present which experience had found essential for the culti- 
vation of difficult alpine plants— vj^., shelter, a porous soil, 
abundance of pure water, perfect drainage.” 

R. suhscaposus^ another plant of the Southern Islands, occurs 
in this same subalpine rock region, but under less favourable 
conditions. Both it and another species, R. aucUandious, are 
flourishing well on the rockery at the present time, while R. 
pmguis has now entirely disappeared, the leaf I examined was 
very youngs only about 1 in. in diameter, and did not show the 


♦ Kearney (1900), p 282. 
t Stra«burger (1898), p. 72- 
i Hooker (1807), p, 4. 
|Hooker(1847).voli,p. A 
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form of the adult leaf, but its aaiUtomical atructu’re is probably 
very similar. Young as it was, it presented some striking points 
of difference from the older leaves of the other two species, espe* 
cially as regards its succulent habit. 

Anatomy (figs, la, 16),— There is a very thick but smooth 
cuticle {cut.) on the upper surface which gives the leaf its shiny 
appearance. Below this conies the upper epidermis (ep.), with 
its large and thick-walled cells interrupted at frequent intervals 
by stomata (st.) The walls are collenchymatous, staining blue 
on the application of ohlor-zinc-iodine. The cells of the lower 
epidermis (lep ) are somewhat smaller and not so thick-walled. 
No hairs are present. The chlorenchyma (ehlor ) is differentiated 
mto palisade (pal.) and spongy (sp.), the spongy parenchyma occu- 
pying the greater area. The palisade tissue consists of the or- 
dinary palisade cells m 3-4 layers, densely filled with chlorophyll 
corpuscles, giving the leaf its characteristic dark-green colour. 
In this young leaf the palisade tissue was continued in two layers 
above the small vascular bundles (v.b.) which occurred scattered 
through the spongy tissue. In the other two species the vascular 
bundles interrupt the green chlorenchyma with a mass of colour- 
less cells. The spongy tissue (sp.) is very loosely arranged, leav- 
ing large air-spaces between the cells. In the central portion 
of the leaf the cells are large and sparingly filled with chloro- 
phyll ; some occur as colourless thin-walled parenchyma cells 
(par.). Adjoining the lower epidermis, however, the cells are 
much smaller and round, and also more abundantly filled with 
chlorophyll. The vascular bundles (u.6.) are each surrounded 
by a more or less sharply defined endodermis (endo.), and this is 
again surrounded with a layer of larger thin-walled and colour- 
less parenchyma (p.s.) cells. Each bundle consists of xylem 
(a)y.) on the upper surface and phloem (ph.) on the lower. 

Here the effects of the moist or Cemi-aquatic habitat are seen 
in the development of larger air-spaces. 

Ranunculus subscaposus, Hook. 1, FI. .^tarc., i, 5. 

Radical leaves on slender petioles, 3 in. to 8 in. long, blade 
broadly triangular-ovate, slightly cordate, 3-foliate or 3-partite 
to base ; leaflets cuneate at the base and more or less deeply 
incised or toothed, or rarely entire with margins deeply cut; 
cauline similar/’* 

Both petiole and lamina on both surfaces are densely 
clothed with appressed whitish hair«.”t 

* Kirk (1899), p. 16. 
t Cooksyns (190S), p. 278. 
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//a6.— Ottiiipbell Islatid, “ bv margins of nvultds in thr 
woods 

This plant has so far, like R ptnguts, been found only on 
Campbell Island. Is is found m great abundance by the side 
of the small streams running through the Dracophyllum scrub 
formation t It occurs also in th(‘ moist peaty soil of the Rost- 
kovia formation, and in the peaty hollows of the subalpine ro(‘k 
region (p 282) The leaf differs from that of R ptvguis in thick- 
ness, being a little less than half This is brought about by a 
reduction in the number of layers of palisade and spongy }>aren- 
chyma Another point of difference is the presence of unicellu- 
lar hairs on both surfaces of R suhscapnsus This reduction in 
tissue IS no doubt a direct consequence of the poorer natair<‘ of 
its habitat This would also account for its wid(*r distribution, 
and the ease with which it ada])ts itself to its new surroundings 

Anatomy (figs 2a, 2h, 2c) — There is no cuticle distinguishabh* 
in this species The upper epidermis (ep ) consists of large but 
thm- walled cells, some oblong, others cubical in transverse sec- 
tion Hairs (h.) arc present on both surfaces as unicellular pro- 
longations of the epidermal colls, while the cells around the hair 
are arranged in a radiating manner, radiating outwards from 
its base (fig 2h, ep ) The lower epidermis (I pp ) is composed 
of smaller e-ells, interrupted by numerous stomata {at ), which 
occur on this lowei surfac-e alone — another point of distinction 
from R pinguis The stomata project slighlly from the surfai’e 
of the leaf The chlorenchyma {cMor.) is differentiated into 
palisade {pal ), consisting of one layer of large cells, widest at 
their junction with the upper epidermis, but gradually becoming 
narrower as they adjoin the spongy tissue {sp ) This is loosely 
arranged m 2-3 layers, and consists of smaller cells — some ob- 
long, with th(ur axis parallel to the surface of the leaf, others 
bordering on the lower epidermis arc smaller rounded cells 
densely filled with c-hlorophyll The air-spaces (a s ) left between 
the cells of this tissue are also large and frequent. The mam vas- 
cular bundles (vh) are situated beneath depressions of the upper 
leaf surface, and mterrujit the chlorenchymatous tissue with their 
surroiuidiug colourless cells The smaller veins are scattered 
throughout the chlorouchyma. An endodermis {endo.) and paren- 
chyma sheath (p s ) can usually be recognised. 

Ranunculus aucklandicus, A Gray. 

“ Radical leaves strigose-hirsute, on slender petioles, 3 in,- 
5 in. long or more, slightly sheathing at the base, rounded reniform 
or the upper rounded truncate or almost subcordate, 1 m-1^ in. 

* Hooker (1864), p. 7. 

t Cockayne (1903), p 278. 
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in diameter, 3-eleft to or bevond the middle, moatly 'SMth a eloBed 
BiniiB, the broad lobes again 2-3-lobed or coarsidy toothed 

Hah — “ Au(kland Island, 1, H(K) ft ” (Kirk) 

This plan! jh ine.hided in Kirk’s aeeount of the Campbell 
Island flora published in the New Zealand Transact ions of J881 
(p 387) There is no description of it in Dr (’ockayne’s paper, 
but as ther<^ \^as a plant growing on the roekerv I examined it 
for the sake of comparison with the otlier two specicB It 
resembles most elosidv P suhscaposiot 

Anatomy (hg 3 ) — There is no eutule on either surface, and 
the cells of the lower epidermis (lep) are slightly larger than 
those of the upper (cp ) There are stomata (st ) on both surfaces 
m this case, and long thick-walled nnicellulai hairs (h ) It 
resembles P pimjuis in having stomata on both surfaces, but 
P suhsmposus 111 all other respects, as, for instance, in the 
thickness of the leaf, jnesence of hairs on both surfaces, and ab- 
sence of cuticle The ( hloreiichyma {chlor ) is differentiated into 
palisade (po/ ) of om* lav(*r, consisting rif cells not so large as 
those of P suhscaposus, and spongy of 3-4 layers ot elongated 
cells about twice as long as broad, arranged very ioosel}^ so as 
to leave numerous air-spaces (a s ) Tins loose arrangement 
of sjiongv tissue is a (‘harac.teristic feature of all these three 
species of Panuncu/us, and is doubtless a direct result of the 
moist or seini-acpiatic habitat, f to insure a sufficient aeration 
of the chlorophyll-containing cells of the chlorenchyma, without 
which assimilation is checked The mam vascular bundle, as 
m the case of P, Htdhbcaposus^ lies below a depiession of the upper 
leaf surface, and below it the lower epidermis {I ep ) is stren^h- 
ened by a double layer of i.ollenchymatous cells (co^.) 

Colobanthus subulatus, Hook f. 

“ A small, moss-like, densely ca'spitose, perfectly glabrous 
plant, with subulate, rigid, shining leaves, forming tufts 1 in 
high. Leaves densely imbruiated, about J in. long, with acieular 
points, grooved above, convex on the back”J 

This plant forms small, convex, round, dense, soft cushions, 
about 5 cm. in diameter At the ends of each shoot are 6-8 
stout green leaves, about 7 mm. m length, the base membranous 
and sheathing, the apex acicular The upper surface is chan- 
nelled Below the terminal green leaves the shoot-axis is clothed 
with the old leaves of previous year8.”§ 


♦ Kirk (1899), p H. 
t Honslow (1806), p 144. 
t Hooker (1807), p 26 
§ Cookayno (1903), p. 284. 
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ffah — “ Campbell’s Island , m rounded tufts on rocks near 
the summit of the hills, at altitude 1,000 ft , of rare occurrence, 
and confined to the tops of the hills on Campbell Island , no- 
where seen m Lord Auckland Group In the Falklands, and in 
Fuegia where it was discovered by Banks and Solander, it is 
very common, both on the low grounds and on the mountains 

This IS one of the small rock-plants which find a habitation 
m the crevices of the rocks where a small amount of peat has 
been able to collect, while the moisture of the atmosphere makes 
life possible (fig. ih) 

The other species, Colobant.ku8 mtiscoides, from which this one 
difiers by being rigid and more pungent,* is more widfdy dis- 
tributed throughout the islands Below the green leaves of this 
species — ^that is, in the centre of the cushion — “ the old leaves 
are all in a greater or less advanced stage of decay, and form 
a dense, yellow, sticky, peaty mass, about 10 cm in depth, 
through which the shoot-axes penetrate, giving off at the under 
surface of the cushion a large number of fine roots. The peaty 
mass absorbs water like a sponge, and m the wet climate must 
nearly always be saturated with moisture. ’’f 

In its natural habitat it is probable that Colobanthus suhulatm 
behaves m the same manner, but on the rockery, whore the 
conditions under which it has to hve are not so stringent, the 
older leaves have not degenerated into the “ sticky, peaty mass.” 
Tliat it still maintains many of its xerophytic characters may 
be seen on a study of its anatomical structure. 

Anatomy (figs 4a, 4/;) —There is firstly a thickened but 
unwrmkled cuticle, then come the epidermal cells, on the upper 
surface (ep.) very thick-walled but flattened, and on the con- 
vex side (I ep ) still with thickened walb, but larger and* more 
cubical in shape. There are numerous small stomata (st.) on 
the upper surface, with a few on the convex side just near the 
upper epidermis. The chlorenchyma (chlor.) may perhaps be 
said to be differentiated into palisade (pal.) and spongy (sp.)* 
The palisade is found m three layers of small elongated cells 
on the upper surface, and for a greater or less distance is con- 
tinued down the sides of the convex portion of the leaf. The 
rest of the leaf is composed of larger cells, morp or less round 
111 shape, containing very little chlorophyll. The chlorophyll 
b mostly confined to the palisade cells. There are two or three 
vascular bundles (v.h.) enclosed m a large thm-walled paren- 
chyma sheath (p.s ) and imbedded in a mass of colourless thin- 
walled parenchyma (par.). 


* Hooker (1847), p. 13. 
t Cockayne (1903), p. 242. 
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Acaena sanguisorbae^ var antarctica. 

“ The Icavos are pale-green, but not wliitish-green aa those 
of A. sanguisorhw var pUosa, glabrous on upper surface but 
with many adpressod hairs on under surface. It may be dis- 
tinguished at a glance from A sanguisorlxe var. pilosa by the 
general aspect, which is chiefly brought about by the colour 
of the leaves,’”^ &c 

Hah — This plant is found in Lord Auckland Group, on 
Campbell Island, and also on Antipodes Island On Auckland 
Island it forms part of the Pleurophyllum meadow formation, 
“ trailing over the surface of the ground verv abundantly in 
long shoots with its characteristic pale-green hiaves ’’f 

On Campbell Island, where the land has been cleared for 
various juirposcs a new formation has arisen, and its most 
prominent member is Accena sanguuorbo) antarctxca, which is 
spreading so rapidly as to become a weed m the eves of the 
farmer. 

On Antipodes Island, again, it is spreading very rapidly 
The albatros is very abundant on this island at certain tunes 
of the year, and where its nest occurs the primitive vegetation 
round has been destroyed. Dr. Cockayne found that “in m*arly 
all cases Accena and Stellana were the first plants to make their 
appearance ” (p. 299) in repopulatiug the bare places The 
young albatros helps to distribute the plant The seeds are 
matted in the down on its breast, and as it pushes its way down 
to the water they are rubbed ofE or scattered in the down. This 
plant forms a prominent feature of the tussock meadow, “ climb- 
ing in thick masses over grass and fern ” (p. 293). 

On the rockery it is flourishing well, growing over the stones 
and other smaller plants, and, by reason of Us large and peculiarly 
tinted leaves, fornung quite a prominent, member. Hairs are 
present on the lower surface of the leaf opposite the midrib 
and the more important veins, and also as small tufts at the 
apex of each tooth of the serrate margin. 

It is (juite distinct from A, sangutsorbcp pUosa, which is grow- 
ing next It on the rockery — quite an insignificant member, com- 
pletely overshadowed by its larger-leaved relative. The ana- 
tomical structures of the two present striking points of contrast, 
as may be seen by referrmg to figs. 5a and 66. 

Amtomy (figs. 5o, 56, 5o, 5d, 5e). There is no distinct 
cuticle, but the outer walls of the epidermal cells (ep,) of both 
surfaces bulge out to form short papillae (pap.), and the outer 
walls of these cells are considerably thickened (ep.). In A. 


♦ Cocksyne (1903), p 319. 
t Cockayne (1908), p. 269. 
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sanquiaorbce 'pdosa there are no papillce, butTthe outer walls are 
straight (fig. M) The papillte m this case probably serve the 
same purpose as the wrinkled cuticle of other plants, to reflec.t 
the light They also affect the colour of the leaf Stomata (si ) 
occur on the under surface, and are partially covered by the 
projecting papillae of the neighbouring cells The chloren- 
chvmm (chlor ) is very sharply (lifferentiated into palisade (jxd ) 
and spongy (sp ), each consisting of two layers of cells I’he 
distinction between the two tissues is so marked that a straight 
line parallel with either epidermis could be drawn between the 
two In this respect also it differs from var pdosa, where the 
two tissues pass gradually one into the other (fig 5d). The 
palisade {pal.) consists of ordinary elongated cells with numerous 
chlorophyll corpuscles arranged along the side walla The spongy 
tissue (sp ) 18 made up of regularly rounded cells with the cor- 
puscles arranged on the upper and lower walls as seen in trans- 
verse section, usually 5 in each cell (fig. 5c) The chlorenchyma 
is interrupted at intervals by bands of colourless parenchyma 
cells (par ) enclosing the smaller vascular bundles (vh). The 
large midrib is found in the keel of the leaf surrounded by a mass 
of rounded and colourless parenchyma cells. 

Epilobium confertifolium, Hook f 

“ Stem slender, creeping, ascending at the tips. Leaves 
small, suborbicular, densely foliaceous Leaves opposite, often 
imbricating, rather fleshy, glabrous or glabrate, obovate- oblong, 
obtuse, shining, with few minute teeth, narrow at the base into 
a short broad sheathing petiole ; minute hairs on the lower 
surface.”* 

“ A creeping plant, frequently forms rather dense patches 
on the surface of the ground ; the old shoots are prostrate and 
dorsi-ventral, the leaves inserted on their flanks, the young 
shoots are raised above the ground, and the loaves are in a spiral. 
Roots about 4 6 cm in length are given off here and there from 
the prostrate stem ”t ) 

Hob — “ On grassy banks and in moist places.” J It is found 
on Auckland Island, growing on the sand-dunes and also on the 
shady sides of the gullies between them, extending to the top of 
tlie dunes, in association with a close turf of moss. “ These 
dunes are traversed by deep gullies down which small streams 
of water flow, the drainage of the swampy ground above. These 
furnish plant-stations of considerable shade and moisture ” ; and 


♦ Kirk (1899), p 171. 
t Cockayne (1903), p. 288. 
J Hooker (1847), p. 11. 
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It 18 here that Epdobium flourishes well.**' It also occurs in the 
Fleuro'phyUum meadow of Auckland Island 

In Campbell Iftlaud it is mentioned in the subalpme tussock 
meadow, where the climate is mu<;h more severe than in the 
lower regions, owing to colder and longer frosts, greater ex- 
jiosure to the winds, to the smaller amount of sunshine, and 
almost constant presence of mist (p 278) On the rockery this 
plant is spreading rapidly over rocks and soil, forming large 
patches of dark-green 

The change from 8])iTal to dorsi-ventral arrangement of the 
leaves on the stem is very interesting The creeping habit is 
a distinct advantage to th(' plant in its home on the sand-dunes, 
for by this means it is able to obtain a firm liold on the some- 
what unstable surface , the leaves are then so twisted as to be 
exposed directly to the vertical rays of the sun when it shines 
on them, and they are further protected by a thick cuticle on 
the upper surface. The younger leaves, on the other hand, are 
more sensitive, and, being arranged spirally, catch the rays 
obliquely, and, as a further protection, anthocyanin is present 
in some of the epidermal cells. On the bleaker subalpme 
meadow of Campbell Island the creeping habit is also of great 
advantage in protecting the plant from the winds 

The leaf-anatomv of the younger and older leaves does not 
differ in any striking way, except m the presence of a cuticle 
in the older leaves which is absent m the younger ones, and in 
the presence of anthocyanin m the epidermal cells of the younger 
leaves 

Amtomy (figs 6a, 6/>).—The epidermal cells (cp ) consist of 
one layer of rather cubical cells, protected m the older leaves 
by a thickened but smooth cuticle The transverse walls of the 
cells are thin. Stomata (st.) occur on both surfaces, projecting 
slightly from the surface. The chlorenchyma (cMor ) is differen- 
tiated into palisade {pal ) and spongy (sp.). The palisade (pa/ ) 
consists of three layers of oval-shaped oclls, almost as broad as 
long, closely packed except beneath the stomata, and densely 
filled with chlorophyll corpuscles. The spongy {sp ) tissue is 
very loosely arranged with numerous intercellular spaces (a.5.) ; 
frequently chains of cells run parallel to the surface (see fig ) 
There are about six layers of these cells, and all are spanngly 
filled with chlorophyll. Bundles of raphides (r.) occur in certain 
of these cells. iTie chlorenchyma is interrupted by the mass 
of thick- walled collenohyma (od,) surrounding the main vascular 
bundle (v.6.), and beneath it is a mass of rounded parenchymatous 


C\jokayne (1903), p. 237. 
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cells, filling up the ridge on the lower side of the leaf. This ridge 
18 further strengthened by a double layer of thick-walled epi- 
dermal cells (Lep,) 

Ligusticum latifohum, Hook. £ , Handbook. 

“ Radical leaves 1 ft. to 2 ft long or more ; petioles sheath- 
ing at the base, sheath shortly ligulate, blade ovate excessively 
coriaceous 2-pinnate, segments obliquely cuneate below, with 
broad winged bases, unequally ,V5-lob(*d, lobes acuminate with 
acute points and thickened margins 

“ Lateral segments not flat, but bent mwards, brmging the 
two surfaces into proxinuty, and the upper half in a vertical 
position with regard to light 

Hah —Lord Auckland Group and Campbell Island ; abundant 
m moist places J 

On Lord Auckland Islands it occurs “ on the stony beach of 
Adam’s Island, abutting on the PleurophyUum meadow, and not 
much exposed to the sea-spray ” (p. 240) ; also in the Fleur o- 
phyUum meadow itself it is found in splendid profusion owing 
to the favourable nature of the peaty soil, which is adapted 
for plant life The peat is formed by the decaying leaves of 
Pleura phyUum, which afford a home for many earthworms. 
This causes a richer supply of oxygen in the soil, and a dimm- 
ished quantity of humic acid 

On Campbell Island it is found also right down to the rocky 
shore, and m the adjoining Dracophyllum scrub This formation 
18 broken up by deep gullies through which flow small streams 
of water, and these are filled up with dense masses of Ligusitcum 
laiifdiumy Lig, anlipodutn, and Sidhooarpa polaris. 

Anatomy (fig 7) —There is a very thick and wrinkled cuticle 
{put ) extending above the epidermis of the leaf. When stained 
with chlor-ziric-iodine it gives the distinctive yellow colour of 
cutin. The epidermis (ep ) consists of a single layer of thick- 
walled cells, more or less flattened Stomata {st) (fig. 8c) occur 
only on the lower epidermis (I ep,). Below the epidermis comes 
a very strongly developed stereom (sm.), mixed with collenchyma 
tissue (col,), which gives a blue colour with chlor-rinc-iodine. 
On the upper surface this tissue may be 3-4 cells in thickness 
of rather large cells, and on the lower it is only 2 cells thick at 
most, and the cells are much smaller. At the edges the leaf 
stereom tissue is again found attaining a thickness in many cases 
of 0*33 mm., and it is the chief constituent of the tissue of the 

♦ Kirk (1899), p. 200. 
t Cockayne (1903), p. 202. 
t Hookw (1864), p. 94. 
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acioular points at the ends of the lobes. The stereom is developed 
m groups consisting of c.ells with highly translucent cell-waHs 
and very small lumina, represented in fig 8b by small black 
strokes. This tissue has been developed to give rigidity to the 
leaves, to enable them to resist the fierce winds to which they 
are exposed, and to protect the delicate chlorophyll tissue below. 
In this way “ it performs functions quite similar m many respects 
to those of the bony skeleton of higher animals At inter- 
vals this strengthening tissue interrupts the chlorenchyma and 
occupies the whole width of the leaf surrounding the vascular 
bundle (see fig 7) The chlorenchyma is differentiated into 
palisade and spongy tissue, and is more or less separated into 
strands by the stereom tissue, as mentioned above The palisade 
tissue (pal ) 18 from 4 layers thick, and consists of rectangular 
cells about twice as long as broad, with the chlorophyll usually 
on the vertical or side walls The spongy tissue ) is composed 
of smaller rounder or oval-shaped cells, occupying twice the 
area that the jialisade does, and leaving numerous air-spaces 
Just above the lower ejndermis come two layers of very much 
smaller cells densely filled with chlorophyll. The vasiular 
bundles are found surrounded by the stereom tissue (sm ) The 
smaller veins are frequently imbedded m the palisade tissue 
with a surrounding mass of stereom. The canals (c ) common 
to this order above (Umhdlifetw) are found both above and below 
the larger veins They are bordered by a layer of epithelial 
cells (6.), which arc usually empty, but may contain granular 
protoplasm Fig 86 shows one of these canals enlarged. 

Ligusticum antipodum^ Hook, f., FI. Antarc., i, 17, t. 9, 10 
“ Blade oblong or broadly oblong, ^3-pinnate, coriaceous, 
dissected into countless narrow, linear, subulate segments, | in. 
broad, with acioular points.”! On the lower surface of each 
segment is a ridge corresponding with a depression on the upper 
surface, just above the midrib (see fig. 8a). 

iTa6.— Lord Auckland Islands and Campbell Island ; marshy 
pi aces. J 

In Lord Auckland Group it occurs in the PlmrophyUum 
meadow with Lig, lalifdium, “ their stout rhizomes and huge 
rigid leaves stopping the progress of pedestrians. ”§ 

In Campbell Island it is found with Lig. latifolium and Stilbo- 
C'drpa polans in the small streams running at the bottom of the 

* l>etmer Moor (1898), p. 618 
t Kirk (1899), p. ‘200. 
t Hooker (1864), p. 94. 

{ Cockayne, p. 26 m 
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gullies between the hills It occurs again in the subalpme 
TO(;k region On the face of a precipitous rock facing north- 
west It grows in tlie chinks of the rock Here it is very much 
sinallei and has stiffcr and more coriaceous leaves than when 
growing as a meadow plant Then, it m found again on the 
wind-swept summit, and again on another rock “ dripping 
with water and densely covered with mosses and liverworts ’’ 
Hero the bases of the leaves are densely sheathed with old leaf- 
bases “ The leaves arch upwards and outwards radially, with 
the result that many of the stiff needle-like pinna* arc almost 
vertical and others horizontal Bach primary leaflet finally 
arches downwards. In a position sui'b as this the conditions, 
although on a rook, are not very different from those of a bog, 
except that the water will be distinctly more pure The 
drooping habit thus described seems characteristic of all the 
plants of Ltgusheum aniipodum I have seen. 

On Antipodes Island the plant is also abundant ; on the 
maritime tussock slopes where the tussocks arc not so close to- 
gether, and on the flat tussock meadow, it occurs m such quantity 
as to add bright-green patches of colour m an equal proportion 
with the yellow grass or dark fern It plays an important 
part as a shelter plant, its leaves spreading out radially, with 
their surface more or less horizontal, such plants averaging 
about 78 cm in diameter and 22 cm in height It is found 
again in the “ bog ’’ — patches of very wet soil in the meadow— 
and here it is very abundant, more so than in the adjacent 
meadow. 

Anatomy (figs 8a, 86, 8c) —The leaf is roughly oval m trans- 
verse section, with a depression on the upper surface above the 
main vascular bundle, and a ridge corresponding to it on the 
lower surface The cuticle (mt ) is strongly developed, being 
very thick and wrinkled The upper epidennis (ep ) is composed 
of thick- walled cells, some with very small lumma and highly 
refractive thick cell -walls Btomata (st,) occur on both surfaces, 
the opening or stoma being partially overlapped by the projec- 
tions of the cuticle (fig. 8c). Below the epidermis comes a layer 
of stereom (m.) tissue, sometimes only one cell in thickness, 
m other places several cells thick and extending right into the 
chlorophyll tissue towards the vascular bundles. This is also 
further strengthened with collenchyma {col.), which acts as 
water-storage tissue. The chlorenchyma (ohlor.) is not differ- 
entiated into the ordinary palisade and spongy tissue, but con- 
sists of a homogeneous mass of small, somewhat oval-shaped 
cells arranged more densely on the outer portion of the tissue, 


♦ Cockayne (1908), p. 282. 




IFekbiott — Plants from tha Southern Islands 396 


but Htrotching in ohams across the central portion, leaving large 
air-spaces (as). The vascular bundles (v.b ) are protected by 
8t('reoin tissue (sr,), and are surrounded by an endoderinis (endo ). 

Stilbocarpa polaris, A Gray 

“ Loaves 6 m to 12 in broad or more, almost fleshy, bristly 
on both surfaces, orbicular-remform, many - lobed, strongly 
toothed , veins flabellate, principal veins and smaller reticula- 
tions divide the leaf into distinctly marked areas made pro- 
minent by the depression of the veins , the bristles of the upper 
surface, whicli may be } m or more in length, found in these 
areas , on the under surface they are found on the larger veins, 
and are more numerous 

“ The large rhizome, measuring ± Sem by ± 7 cm,, creeps 
on the surface of the ground Usually about six fully developed 
leaves are given of! from an ascending portion of the stem 
These leaves are ± b <’in broad at the sheathing base, which is 
furnished with a verv large stipule ± 18 ern long by 10 cm 
wide at the apex, its widest part Such stipules in part enclose 
the interior bud, against which they are pressed tightly by their 
concave inner surface, and play a most important part in its 
protection. The petiole, ± 54 cm. long, is thick, but hollow 
The leaf-blade is orbicular-remform. It is ± 19 cm. in length, 
measuring from sinus to apex, and ± 29 cm. broad. These 
leaf-blades are more or less in the form of a funnel, through the 
lobes of the reniform base being bent inwards, and so convey 
any water which falls on them to the roots of the plant The 
leaves on both surfaces and the petioles are furnished with 
many pale hairs 10 ram in length ’’f 

Hah . — This striking plant was described by Hooker (1847) 
as Aralta fdaris, following the nomenclature of Hombron and 
Jaoquinot.l 

Lord Auckland Group and Campbell Island “ In the woods 
and on banks generally near the sea, but often attaining an 
altitude of 6(X) ft to 700 ft., covering large tracts of ground 
with its bright and shining green foliage ”§ “ It occurs every- 
where at low elevations on these islands, and is of a decidedly 
antarctic type, extending from Macquarie Island to Antipodes 
Islands.’^ll 

Auckland Islands : “ In the Pleurophyllum meadow great 

* Kirk {189»), p 216 
t Cockayne (1903), p 261 
t Voy. au P6le Su<l. 

§ Hooker (1847), p. 19. 

II Kirk (1801), p. 221. 
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rounded leaves still form as dense masses of greenery as in 
summer 

Campbell Island “ It accompames Lufusiicum laUfolium 
down to the stony beach, but not quite so near the water’s 
edge ” (p 270) “ In the DracophyUum scrub it follows the 

many watercourses which cut into the hillside, and grows luxuri- 
antly in the running water” (p. 273). '‘It is found in the deep 
gullies cut into the sides of the scrub formation ” (]). 274) 

Antipodes Islands : Inland tussock slopes. Frequently fern, 
tussock, and scrub give place to great masses of StUhocarpa 
j)olarts, fonoing dense thickets. “ One colony of this remark- 
able plant noMBiiaftured 1 1 m by 3 m , but those met with further 
on, of which no measurements were taken, were of much larger 
size ” (p. 292) 

Anitomy (figs 9a, %) — The upper epidermal cells (cp ) 
are large, rectangular, and slightly cuticidansed, while those of 
the lower epidermis are much smaller and have no cuticle Sto- 
mata (8t ) are found under the surface only. The hairs (h.h ) 
are solid multicellular bodies ansmg below the veins on the 
under surface, and m the areas between the veins on upper. 
Below the epidermis is usually a layer of colourless cells with 
thinner walls, probably water-storage tissue I ) The chloren- 
ebyma is differentiated into palisade {fol.) and spongy («p.). 
The palisade ('pal ) consists of four layers of small oval-shaped 
cells, closely packed together, and very regularly filled with 
chlorophyll Below this comes the first portion of the spongy 
tissue, which consists of larger, more rectangular, and colourless 
parenchyma cells, arranged m chains. Then occurs a large 
air-chamber separating this last layer from the layer of very 
small roiiiidod cells densely filled with chlorophyll. The two 
layers are umted at certain parts of the leaf where the veins 
occur. The vascular bundle {v h.) is surrounded by a thick- 
walled cndodermis, and is strengthened on the under surface 
by a little mass oC hypodermal stereom tissue, and also by a 
further mass of collenchyma. This tissue m some cases con- 
tains a certain amount of chlorophyll where it joins the endo- 
dermis The epidermal cells (ep) immediately below the veins 
are larger than ordinary, and oval, with projecting outer walls. 

Coprosma cuneata, Hook. f. 

“ Leaves yellowish-green when fresh, crowded, mostly fas- 
cicled on short arrested branches J m. to | in. long, ^ in. broad, 
linear or oblong-obovate, or obovate-lanoeolate or cuneate-ob- 
long, retuse subacute or obtuse, patent or recurved, very rigid, 
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coriaceous, often shining , midrib deeply sunk above, narrowed 
at the base, but sofircelv petioled; stipules short, broad, fim- 
briate or dilate 

II ah —This woody plant forms one of the most constant 
constituterits of the scrub formations on the more exposed por- 
tions of the islands 

In Auckland Island it occurs on the peaty soil of the sub- 
alpine meadow, creeping close to the groimd, and in that wny 
obtaining shelter from the larger tussocks and more erect plants. 

On (Campbell Island it forms one of the ligneous members of 
the Draeophyllum scrub, the only approach on the island to a 
forest formation It is here more luxuriant where it is sheltered 
from the wind, but still of a prostrate habit It occurs also at 
higher elevations in the subalpme meadow and ro(ik formations, 
still “ prostrate ” and “ stunted ” 

On Antipodes Island it is found amongst the scrub, on the 
tussock slopes, and again in the bog formation, creeping close to 
the ground , ‘'its small leaves m winter are quiti^ brown ” (p 295). 

On the rockery this plant is not more than 1 ft high, but its 
straggling habit is very evident, while its scraggy branches with 
their few scattered leaves would easily associate it with a bleak 
and wind-swept natural home Its leaves are very small and 
wedge-shaped, and occur in greater numbers at the ends of the 
branches Dr. Cockayne thus describes the bushes : “ As for 

the Ccyprosmas, they consist within of dense masses of bare inter- 
lacing twiggy branches. On the periphery alone of such bushes 
is the actual green part of the plant, and this leafy zone only 
penetrates into the plant for a distance of 7 cm. at most ” 
(p. 274) 

Anatomy (fig. 10) — There is a very distinct and wrinkled 
cuticle {cut ) outside the epidermis on both surfaces of the leaf. 
The cells of the upper epidermis (ep.) are large, thick- walled, and 
frequently contain oil-globules (o.g.). There are no stomata on 
this surface. The lower epidermal cells are only about one- 
quarter the size, and they are interrupted frequently by sto- 
mata which are accompanied by subsidiary cells (see fig ). The 
chlorenohyma is differentiated into palisade {p(d.) and spongy 
(«p.), but the chlorophyll is poorly developed ; instead there are 
numerous oil-glpbules (o.g.) throughout this tissue of the leaf. 
The palisade [pal.) consists of 3-4 layers of cells about four 
times as long as broad, closely packed together, except at inter- 
vals where they appear to have small openings, probably air- 
canals [a.c.). These differ from anj^ air-oanals described in 
Ligusticum in that they are not sunmunded by in epithelium, 
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and do not bear any distinct relation to the vascular bundles, 
as those of Ligmttctim appear to do These in Coprosnui are 
just intercellular spaces left in the palisade tissue The spongy 
tissue (sp ) IS made up of irregularly shaped cells with numerous 
small intercellular spaces between them The vastmlar bundles 
(v h ) are surrounded by an endodcrmal layer (endo ) of parenchy- 
matous cells of varying thickness 

There are no pits on the leaves of this species, and no hypo- 
dermal water-storage layer, as described for other larger species 
by Miss Greensill (1902) 

Coprosma repens, Hook, f., FI. Antarc*. 

“ A small glabrous creeping matted species Bark grey 
Branches from 1 in to 2 ft in length, sometimes flaccid, densely 
leafy. Leaves close-set, rarely distant or fascicled, suberect or 
spreading, ^ in. to J in long, linear-oblong or broadly oblong 
to linear or broadly obovate, rounded at the tips or subacute, 
narrowed into very short broad petioles, vcinless, very cori- 
aceous, margins thickened Stipules broad, obtuse, usually 
glabrous 

In the leaves of the plant growing on the rockery a mid- 
rib was distinctly visible, and on examining a transverse section 
the presence of several smaller veins was revealed 

Hab —This plant occurs on Auckland Island in the subalpine 
meadow, the soil of which is m some places so wet as to deserve 
the name of bog Its stems here are described as fleshy. 

On Campbell Island it occurs in a much bleaker situation 
on the subalpine tussock meadow, where there are colder winds 
and the frosts are longer and more severe than at a lower level 
Here its growth is stunted “ Wind is here the determining 
factor as to whether grass or arborescent growth shall pre- 
dominate ” (p, 278) 

On Antipodes Island, m the tussock meadows where there is 
a badly drained and poorly nourished soil, the Coprosnia bushes 
are also stunted in their growth, and this where the soil is of a 
soft peaty nature, and so moist that “ it can be quickly kneaded 
into the consistency of pomdge.” In the bog formation, where 
“ water can be readily wrung out of the surface soil,” Coprosma 
vepens is again found. 

The small plant growing on the rockery illustrates strikingly 
the peripheral position of the leaves The bare stem, about 
2 ft. in length, bends right over and almost buries its leafy 
terminal portion in the soil, so that I was for some time in danger 
of overlooking it altogether. Its anatomical structure presents 
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some slight modifications on that of Cop cuneaia, but posBesses 
in common with it a strongly wrinkled cuticle and numerous 
oil-globules throughout its tissue 

Amtomy (fig 11) —There is a distinct and wrinkled cuticle 
(mi ) on bolh surfaces The cells of the upper epidermis (ep ) 
are large, and contain numerous oil-globulos (o g ) Htomata 
are found only on the lower epidermis (/ ep ), the cells of which 
are much smaller than those of the upper The chlorenchyma 
18 differentiated into palisade (pal ) — two layers of large palisade 
cells, much larger than those of Cop cuncata, and containing more 
chlorophyll , the spongy ti88uc‘ (sp ) makes up the greater por- 
tion ol the leaf, and is more loosely arranged than that of Cop 
cuneata Bundles of raphides (r.) are arranged in certain of its 
cells There is a distinct endodermis (endo ) surrounding the 
vascular bundles (vh.) All the tissues contain a considerable 
amount of small oil -globules (o g ) 

Oiearia lyalh, Hook f. 

“ Leaves broadly ovate or orbicular- ovate , abruptly acu- 
nunate , densely tomentose, newly formed leaves white above 
and below, the tomentum on the upper surfaces falling away 
in the first winter Mature leaves very thick and coriaceous, 
doubly crenate with short sheathing petiole-s; on young speci- 
mens growing m the shade leaves are much thinner and very 
large 

“The under surface is densely clothed with flannelly to- 
mentum quite white m colour This tomentum is rather more 
than half the thickness of the leaf-substance proper. The young 
leaf ]ust when it is unfolded from the bud is white and soft like 
a piece of flannel, being extremely tomentose on both sur- 
faces ”t 

//a6.— This tree is extremely local in its distribution. It i$ 
not found at all m New Zealand, but oocurs only on the Snares, 
where it is the principal tree on the island. “ On Ewing Island, 
and perhaps to a very limited extent on Auckland Island 
itselh^’t 

Snares Island : This tr^, by reason of its white-covered 
leaves, gives a peculiar grey or whitish hue to the foliage Kirk 
describes its mode of growth as follows ( 1891 , p, 215) . “ When 
growing m level situations it is erect, with open spreading 
branches ; but when growing on slopes exposed to the wind it is 
often inclined or with a prostrate trunk, the roots partly torn 

• Kirk (1891), p. 216. 

f Cockayne (1903), p. 268. 

X Cockayne (1903), p. 252. 
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out of the Boil, and the branches rooting at the tips give rise 
to new trunks, which in their turn are brought to the ground 
and repeat the procesB ” 

Auckland IbIhiuIs , Ewing Island * “ Most of them are erect 
and well-grown, but a few exhibit the inclined position so fre- 
quent on tht^ Snares Dr Cockayne considers that although 
this prostrate habit is frequently caused by the wind, it may 
become hereditary The seedlings which were found in great 
quantities in the interior of the forest, where the air is com- 
paratively still, were found by him to have their stems prostrate 
on the ground for more than half their length (p 254). So in 
these oases the tendency had become hereditary 

There is a plant growing in the shade afforded by a high 
iron fence on the west side of the laboratory This plant is 
quite erect, and shows the characteristic appearance of the leaves. 
In the older ones the tomontum has fallen off the upper surface, 
while the younger ones arc completely covered and feel “ soft 
as a piece of flannel ” 

Anatomy (figs 12a, 12/>),— A cuticle (cut ) is developed on the 
upper epidermis, thick but smooth The cells of the upper 
epidermis (cp ) are much larger than those of the lower (I ep.), 
and very thick-wallod, in some cases somewhat flattened In 
the younger leaves these cells grow out to form a tomentum, 
also with thick walls The remains of one or two of these hairs 
may be seen at h in the figure These hairs fall away the first 
wmter. The lower ejudermis (/.ep ) is irregular in outline, and 
the small cells grow out into a thick mass of long woolly haiwf 
chiefly below the veins These completely protect the projecting 
stomata (si,). The hairs will serve the double purpose of pro- 
tecting the stomata from the action of the winds, which tend to 
cause excessive transpiration, and also serve to retam any water 
which falls on the leaf Amongst these hairs and also protected 
by them are found a number of multicellular bodies, probably 
glandular, the cells of which contain a small quantity of chloro- 
phyll (fig. 126). These can assist the plant by absorbing water 
held in the spaces between the hairs. The stomata (st.) project 
from the surface, and each guard-cell is accompanied by a sub- 
sidiary cell which probably aids in opening and closing the stoma. 
Underneath the upper epidermis is immd a tissue from 2-3 cells 
thick of very large thick-walled cells, probably oollenchymatous 
water-storage tissue (Pierce) The cells are q[uite empty, and 
at intervals above the vascular bundles interrupt the palisade 
parenchyma, and continue down the whole breadth of the sec- 
tion to the endodermis of the vascular bundle, in some cases pre- 


*Kirk(l89X),p. 219. 
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sentmg a scalariform appearance similar to the thickenings of 
the scalariform tracheides of ferns The chlorenchyma is dif- 
ferentiated into palisade (pal.) of two layers and spongy (sp ) 
of three or four layers of cells The palisade cells are very large 
in comparison with those of the spongy tissue, elongated at right 
angles to the surface, being about twice as long as broad, with 
few but large chlorophyll corpuscles The spongy tissue (consists 
of small irregularly shaped cells, sparingly filled with large cor- 
puscles, and leaving comparatively few air-spaces. These border 
directly on the lower epidermis The vascular bundles are found 
of varying size in a transverse section, but all are surrounded by 
an endodermis of round cells The larger ones consist of a dark 
xyJem and a light-coloured phloem, with a band of cells inter- 
mediate in c.olour between the two (fig 12a). Underneath the 
larger bundles also is a ridge of tissue composed of mor(» or less 
rounded and thick-walled cells. The cells of the epidermis ad- 
joining them are larger than the other cells of the lower epidermis, 
and, as 1 mentioned before, considerably elongated into hair- 
hke outgrowths. 

Abrotanella rosulata, Hook, f 

“ A small, densely tufted, moss-like plant Leaves imbri- 
cating, patent or recurved, rigid, coriaceous, J in to ^ m long, 
narrow, ovate or lanceolate, acute, concave above.’’* 

“ It has wiry stems, creeping at first, but finally erect, covered 
more or less with old dead leaves. The terminal leafy portion 
of the shoots measures L3cm., and consists of spreading imbri- 
cating leaves, the uppermost of which form a stiff, dark-green 
rosette about 1 *3 cm. m diameter, the individual leaves so spread- 
ing outwards as to have their upper surface horizontal. The 
individual leaves are linear or linear-lanceolate, sheathing at the 
base, which is frequently purplish-rose-ooloured, coriaceous, con- 
cave on the upper surface. ’’f 

//a6.— -Kirk mentions it in his account of the (Campbell 
Island flora : “*The endemic A, rosulaia occurred sparingly on 
exposed rocks, but was not observed below l,(XK)ft/.”J Dr 
Cockayne places it amongst the subalpine rock vegetation of 
Campbell Island, forming “ stiff rosettes ” on “ the face of a pre- 
cipitous rock facing north-west at an altitude of about 538 m.” 
(p. 282). It may be classed, therefore, as a rook-plant with 
PhyUachne damgera^ Colobanthus mbulatus, and its relative, 
AbrotaneUa spathulata, and with them presents certain xero- 
ph3diio characters m its anatomical structure. 

♦ Hooker (1864). 

t Cockayne (1903), p. 288 

t Kirk (1891), p 223. 
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Anatomy (fig 13).— There is first a very thick and wrinkled 
cuticle {ctd ) on the upper surface The epidermal (ep ) cells are 
also thick-walled, and more or less cubical in shape On the 
upper surface stomata (si ) are present, slightly sunken below 
the cuticle On the lower surface, which is not exposed to the 
sun or wind, tliere is no cuticle, and the stomata appear on a 
level with the epidermal colls At the most convex part of the 
leaf the epidermal tissue is strengthened by two or three layers 
of very thick-walled cells, which may rejiresent stereom-support- 
mg tissue The chlorcuchyma is differentiated into palisade 
(fot ) and spongy (sf ). The palisade consists of 3-4 layers of 
the ordinary palisade cells, somewhat small and very closel> 
packed, and densely filled with chlorophyll Below this comes 
the spongy tissue, first consisting of a mass of larger rounded 
cells occupying the centre of the leaf, and below these again 
come smaller rounded cells bordering on the lower epidermis, 
and densely filled with chlorophyll The intermediate larger 
cells are somewhat scantily supplied with chlorophyll The vas- 
cular bundles (r h ) are regularly arrang<*d in the leaf In the 
lower part of the leaf we find five bundles , higher up the two 
have converged into three, and higher up still only one is found 
Resin-passages regularly lined with epithelium are found, usually 
one above and one below each bundle 

Abrotanella spathulata, Hook f 

“ Leaves narrow, Imear-spathulate, J m to 1 in. long, obtuse 
or acute, rather close-set, spreading, fohaceous.”'^ 

Fab. Auckland Islands, l,(X)0ft. to 2,(X)0 ft. ; Campbell 
Island, m ft. to 800 ft.’^f 

I find that Dr Cockayne has not given any account of this 
plant except to state, m the list of plants at the end of his 
paper, that it is found m Auckland and Campbell Islands. He 
also mentions it (p 281) as belonging to the subalpine rook flora 
of Campbell Island. It belongs to the same -class of rock-plants, 
and would be found in Auckland Island on the higher rocky 
ground. It is growing on the rockery side by side with A, 
ro8ula(4i Its leaves are longer and the rosettes consequently 
larger than those of 4. rosulata^ and the purplish colour of the 
lower membranous portion of the leaf is absent in A, spathulata. 
Otherwise the appearance of the two is very similar, and an 
examination of the anatomy does not reveal any striking dif- 
ferences. There are more vascular bundles and Consequently 
more rcsin-passages, but in other details the structure is very 
similar. 
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Anatomy (fig 14) —In a transverse section of a leaf of this 
plant were stMni small pits or indentations on the upper surface, 
one of which is given in fig 14a These pits, or others very 
similar to them, are found on both surfaces of the two species 
of Cotula next described, but what their significance is I cannot 
say They are not there for the protection of the stomata, 
for the stomata occur on the exposed epidermal surface. In 
this plant the bordering epidermal cells contained several small 
oibglobules, w'hich were also found in other cells of epidermis. 
There is a thick, smooth cuticle (cut ) protecting the epidermis 
on the upper surfaije The epidermal cells (ep ) are more or less 
cubical, except those forming the lining to the pits (a), which 
are somewhat elongated Stomata (st ) are found on both sur- 
faces The chlorenchyma is differentiated into palisade of 4-5 
layers of slightly elongated cells, somewhat larger than those 
of A rosulata, and spongv tissue (sp ), consisting of rounded 
cells similar in size and position to those of A, rosulata The 
vascular bundles (v h ) are surrounded by a well-marked endo- 
derm, while above and below each bundle is a resin -passage (c) 
lined with epithelium Another resin - passage is found near 
each edge of the leaf, so in the sections figured in Plate XXXI 
there are eight resin-oanals and three ^vascular bundles Below 
the midrib is a layer two cells thick of hypodermal collemdiyma 
(col ), while the epidermal cells themselves are also strengthened 
by collenchymatous tissue 

Cotula lanata, Hook f. 

“ Cotula lanala has pale-green or browm prostrate stems, 
which creep along the ground or hang down the face of vertical 
cliffs. The extremities of the stems are ascending, bending 
upwards and bringing into the light the terminal leaf rosettes, 
which consist of a few spreading pale-green pmnatifid leaves. 
The stems are marked at intervals with old leaf- scars, and from 
some of the nodes roots pass downwards into the rock-creviccs, 
thus firmly anchoring the plant to the substratum. Leaves are 
fleshy and vary in colour, those innermost and not fully developed 
being of a darker green than the longer and more external ones 
In shape they are obovate, the blades deeply pinnatifid, ± 15 mm 
long hy ±12 mm, broad, and the segments are toothed on the 
upper margins [see fig. 156]. Such teeth, ± 2 mm. long, are 
bent at an angle, frequently almost at a right angle, to the plane 
of the leaf, thus making one-third of the assimilating surface 
vertical or nearly so, while the remaining two-thirds is hori- 
zontal. The fleshy, pale-coloured petiole is nearly twice as long 
as the lamina, and possesses a broad sheathing base ± 5 mm. 
long, furnished with a membranous margin. The petiole and 
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midrib are covered, especially in young leaves, with cottony 
hairs loosely interwoven The leaves close to the end of the 
shoot are arranged spirally, but the remainder are brought 
into two ranks through twisting of the leaf-sheath, the leaf- 
surface thus becoming horizontal {of. Eptlobium oonferti- 
fdium) 

Hah — This plant appears to flourish well near the sea, where 
it 18 frequently washed by the salt spray. In the Auckland 
(Iroup it IS found in certain cases trailing over the rocks on the 
shore just above high-water mark, and therefore “ very fre- 
quently drenched by the sea-spray,” or rooted in the chinks 
of the vertical rocks with its long stems trailing down the face 
of the rock It is also mentioned as occurring m the Pleura- 
'phyUum meadow with Cot frofinqua. 

On Campbell Island it is found creeping over the stones of 
the rocky shore. 

Plants inhabiting a maritime region are sometimes spoken 
of as salt-loving, but this name is a misnomer Plants thus 
situated often flourish quite as well, if not better, in a soil free 
from salt , but in this way they escape competition with other 
plants whicli would certainly get the best of them m a richly 
cultivated soil They have some particular adaptation which 
enables them to compete successfully with the adverse con- 
ditions which would kill other plants at once. So they flourish 
where they can, “ but at the same time are always tacitly pro- 
testing against their environment, for they at once show how 
much more vigorous they can become when they are grown in 
a different and more congenial soil ’’I So this Cotma lanaUi 
flourishes very well on the rockery right away from sea-spray, 
hut its peculiar and characteristic structures by which it pre- 
pares itself to maintain an existence in its natural habitat 
remain, being hereditary. 

The leaves are thick and fleshy, and little pits may be seen 
covering both surfaces In the drawing illustrating a trans- 
verse section through the leaf the upper surface is more or less 
flattened, while the lower surface is concave. 

Anatomy (figs 15a, 156, 15c, 15d). — Fig. 15a is a section 
through one of the teeth into which the upper margins of the 
leaflets are divided The leaf is seen to be composed chiefly 
of a large-celled thin-walled parenchyma (par.) containing few 
chlorophyll corpuscles, and leaving frequent air-spaces (a.«.), 
which occupy the centre of the leaf. This is bounded on each 
surface by a compact tissue, three cells or more in thickness, 


* Ockayne (1903;, p. 241-2. 
t Henslow (1895), p. 34. 
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of small rounded cells with numerous chlorophyll corpuscles 
This answers to the palisade tissue of other dorsi-ventral loaves, 
and IS marked pal These teeth are bent up at right angles, 
so that both sides are equally illuminated, hence the isolateral 
stnicture of the leaf Another peculiarity is the presence of 
numerous pits or depressions, probably glandular, which are 
scattered over the leaf These, as seen in fig 155, are walled 
in by epidermal cells much longer than the ordinary cubical 
ones, and at the base hounded by one or two smaller cubical 
cells There is a thin cuticle (cut.) developed The vascular 
bundle is surrounded by a well-marked endodermis (endo ), 
with walls considerably thickened This is again surrounded 
by a layer of colourless parenchyma (p s ) similar to the central 
water-storing tissue, the parenchyma sheath 

Cotula propinqua, Hook. f. 

This plant differs from Cotida lanata in the appearance of 
the rosettes of loaves . they are much more open and spreading. 
The leaves fheinstdves are larger, as will be seen by comparing 
figs 15d and 165. The teeth into which the blade is divided do 
not overlap as in the case of Oot lanata^ and so the leaf appears 
flatter. 

In the anatomical structure (figs. 16a, 165, 16c) there are 
one or two points of difference. The cells of the palisade tissue 
(pal ) are larger m Cot. propinqua, and the (jorptiscles are also 
larger The internal spongy tissue («/>.) is not so open, and the 
constituent cells are smaller, than m Cot. lanata. The stomata 
(st.) (fig 16c) are well developed ; the guard-cells arc kidney- 
shaped, and contain a very regular row of chlorophyll corpuscles, 
giving a beaded appearance. 

Pleurophyllum speciosum, Hook, f., FI Antarc. 

“ Leaves all radical, 6 in. to 18 in. long, 5 in. to 10 m. broad, 
usually appressed to the ground, forming a huge rosette, broadly 
ovate or obovate or unequally rhomboid, rounded at the apex 
or shortly acuminate, thick when fresh, with 16-20 longitudinal 
ridges, loosely tomentose below, villous or setose above, the 
bnstles being intermixed with rather long moniliform hairs 

£ra5.— “ Lord Auckland Group and Campbell Island ; chiefly 
found upon wet banks and in marshes near the sea, but also 
ascending to the tops of mountains m a stunted form.’^f 

On the Auckland Islands Kirk (1891, p. 220) describes the 
plant as covering acres, giving a unique effect, approaching the 


• Kirk (1899), p. 277. 
t Hooker (1847). vol. i, p. 81. 
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magnificent “ As the traveller walks amongst them his feet 
crash through the horizontal leaves as though he were walking 
on thin ice ’* On Campbell Island he notices that the plant here 
differs from that of the Auckland Islands . the leaves are larger, 
rather narrower, and more or less erect , they are invariably 
clothed with jointed or moniliform hairs mixed with straight 
tomentum, a character which is rare or absent from the Auckland 
Island form “ It is noteworthy that these differences, although 
of a trivial character, have proved constant under cultivation 
during ten years 

“In winter the huge leaves are altogether wanting and the 
rosettes are small and bnght-grocn in colour, the leaves pressed 
closely against the ground These rosettes vary considerably m 
size according to their position with regard to wind and light, 
those of shady gullies being much larger than those of the hill- 
side ”t 

On Oampbell Island the plant is found whore the ground is 
fairly wet, “ its leaves larger and less decayed than in the meadow 
formation of Auckland Island ” (p 273) It is also found at 
higher levels in the tussock meadow, and still higher in the 
subalpme tussock, where the ground presents all the conditions 
necessary for a true bog formation 

The habit of the plant in forming these huge rosettes of leaves 
tightly pressed on the ground is of distinct advantage to it in 
resisting the severe winds which sweep over these open for- 
mations where the plant occurs The leaves are so situated as 
to form a kind of cup in the centre During rain this cup quickly 
fills with water, which soaks rapidly through the leaf-bases, 
bringing fresh rain-water to the roots The leaves also become 
thoroughly wetted, their numerous hairs helping to hold the 
moisture, and it is probable that these also assist in the supply 
of pure water through their power of absorbing such, as sug- 
gested by Diels J 

Anatomy (figs 17a, 176) —The plant growing on the rookery 
is not thriving very well, the rosette being very small, just 6 in. 
m diameter, and the largest leaves only 3 in. long I did not 
venture, therefore, to injure it in any way by cutting at the 
leaves, and examined only a portion of the leaf in spirit. 
The chlorophyll is therefore iindistingmshable Fig. 17a is 
taken through one of the prominent ribs on the under sur- 
face, and shows the position and structure of the vascular 
bundle (v.6.). Fig. 176 is a section through the mesophyll tissue 

* Kirk (1891), p 224. 
t Cockayne (1903), p. 258, 
t Cockayne ( HK)3), p 259 
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between two ribs, and abow^s the arrangement of this portion 
of the leaf There is no cntiole, but numerous jointed hairs 
(h) are developed from the epidermal cells of both surfaces. 
The upper epidermis (ep ) consists of regular thin - walled 
rectangular cells, somewhat larger than those of the lower 
epidermis (Iff) Htomatu (si) are found only on the lower 
Burfa(5e Beneath the upper epidermis are arranged two rows 
of large colourless cells, acting as water-storage tissue (stl)^ 
and below these again come the chlorophyll-containing cells 
They can hardly be said to be differentiated into palisade and 
spongy tissue All the cells are of a fairlv uniform size, being 
more or less cubical Those jinst below' the storage tissue are 
arranged compactly in two layers, the rest, about mght layers, 
are arranged nion' or less in chains, the ends of wduch adjoin 
the lower epidernns, thus leaving kirg(‘ air-spaces (a s ) on the 
lower side of the leaf The ribs of the leaf arc made up of a 
mass of rounded collenchyma cells of varying size On the low^er 
surface the epidermal (^ells (I ep ) are small in comparison, and 
thick-walled, giving rise to numerous hairs (h ), and just above 
this layer is another of larger cubical thm-w^alled parenchyma 
cells (far ) The vascular bundle (v.b ) is surrounded by a thick- 
walled endodermis (eudo) The xylem (xy) is voiv strongly 
developed, while above it conies a tissue resembling the phloem 
(fh ) tissue below 

Senecio antipoda, Kirk. 

“ Branches spreading from base, very stout, grooved, J in 
to J in. m diameter, fistulose, glabrous except peduncles and 
young leaves, mealy-tomentose beneath. Radical leaves ap- 
parently narrowed into a petiole ; upper sessile by a broad 
auric ulate base, membranous, sparingly and irregularly pinnatifid 
or partite, 2 m to 5 in long, 1 in. to 3 m bioad, segments 
toothed, lobed, or almost pinnatifid, acute.'’* 

“ The upper surface of the leaf is green and almost glabrous 
in adult leaves, but the under surface is more or less tomontose 
with loose cobwebby hairs, the toraentum being much more 
abundant in young than in old leaves. The margins are recurved, 
and on the under surface of the leaf is a prominent midrib 
which gradually broadens towards the base The tomenturn 
plays an important part in protecting the bud in winter ”t 

“ Senecio antipoda much more resembles the common Euro- 
pean groundsel in outward appearance than do any others of 
the herbaceous section of this genua in New Zealand ” (p. 293). 

* Kirk (1899). 

t Cookayne (1908), p, 294, 
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Hah — This interesting plant occurs only on Antipodes 
Island, and only in a certain part, of that island It is the 
dominant member of an association found on “ the bare ground 
manured bv the giant petrel {Osstfraga gigantea) ” (p 293). 
In this respect it resmiibles the endemic Cottda featheratomi of 
Chatham Island, which is found growing near the holes of the 
mutton-birds With this Senecio are associated “ very thick 
masses of Aewna frequently mixed with Ptens incua ” With 
regard to this fact that we have an endemic species arising in 
two instances under similar conditions, Dr Cockayne expresses 
himself thus ‘‘ I do not see why rich heavily manured soil 
should not be ]U8t as much a factor in determimng the life-form 
of a plant as illumination, moisture in the air, wind, or any other 
ecological factor ; and to find two plants each of distinctly luxuri- 
ant growth growing under very similar conditions is suggestive, 
to say the least ” (p 293). 

Dr (k)ckayne brought a plant from the islands and it was 
planted on the rockery, but it has since died, and shows no 
signs of sprouting again There were only two or three green 
leaves left on the plant when I examined the rockery at the 
beginning of this year, and I was advised to examine them at 
once if I wished to do so at all, and therefore took the earliest 
opportunity of doing so before the plant died. 

Anatomy (fig 18) —This section includes the midrib, causing 
a marked prornmeiicc on the under side of the leaf and marked 
by a deep depression on the upper side There is a very thin 
cuticle, if any at all, but the epidermal cells are provided with 
greatly thickened cell- walls Those of the upper epidermis (ep.) 
are much larger than those of the lower. In the young leaf 
which was examined the woolly tomentum (h.h,) was present on 
the lower surface and protected the stomata (s<.), which occur 
only on this surface m the areas betw^cen the veins. The guard- 
cells contain several large chlorophyll corpuscles. The ohloren- 
chyraa is arranged as m any typical dorsi-ventral leaf. The 
palisade tissue (po/.) is two layers in thickness, composed of 
typical palisade cells with chlorophyll corpuscles arranged on 
the side walls. This passes into the open spongy tissue (sp.) 
which comprises the greater thickness of the leaf. A mass of 
thin-waJled roiuided parenchyma cells occupies the keel of the 
leaf, the larger cells near the main vascular bundle (t?.6.) and 
smaller cells towards the epidermis, which here consists of a 
single layer of small thick- walled cells. In the phloem (pA.) 
of the bundle figured is a canal (c.) lined with epithelium (h.). 
The xylem (xy,) consists of rather large vessels arranged in 
chains. 
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Phyllachne clavigera (F Muell), Hook, f 

“ Largo green cushions, some of great size, the extremities 
of the shoots rooting in the decayed leaves now turned into 
peat, which make up the chief bulk of the cushions Each 
main shoot branches near its extremity, gi\ung off several 
short shoots 1*5 cm in length, the upper 6 mm of which arc 
densely clothed with very small imbricating green leaves These 
final shoots are all pressed tightly together, and make apparently 
a solid convex mass The leaves are very thick, coriaceous, 
expanded at the base, convex on the under (outer) surface, 
but slightly concave on the lower half of the upper (inner) ’sur- 
face, but flat on its upper half They are not quite erect, but 
the globose tips point slightly outwards 

This plant was described by Hooker (1847) as Forstera dam- 
gera. Hook f , but its claim to be included in the genus Phyl- 
lachne has since been established 

Hab — “ Lord Auckland Group and ('ainpbell Island * on 
the mountains in turfy and boggy places , very common ’’f 
The semi-bog of the subalpme meadow of Auckland Island 
mav be recognised “ by the presence of the large, round, bright- 
green, dense cushions of Phyllachne danger a 

On Campbell Island it forms “ large, bright-green, hard 
ousluons ** where the ground is wettest in the subalpme tussock 
meadow, and also among the subalpine rocks under similar 
conditions 

This plant is a “ bog xerophyte of the typical form of many 
other antarctic cushion plants” (p. 265), which reaches its 
climax m the vogetable-sheep {Uaoulia mammMaris) of Now 
Zealand 

Anatomy (fig 19). — This section is taken through the globose 
tip of a leaf, and is more or less hemispherical The flatter 
surface represents the inner side of the leaf, and the convex the 
outer side. There is a distinct thick and wrinkled cuticle (cu^) 
surrounding the leaf. Underneath is the epidermis (ep ) of thick 
walls and rather large cells ; stomata (st.) occur on any part 
of the epidermis. The ohlorenohyma (ohlor.) consists of a homo- 
geneous mass of rounded cells, which occupy the entire section 
of the leaf. The outer portion is perhaps more densely filled 
with chlorophyll, and the cells are more closely packed, than 
in the central portion. Sometimes the cells appear to be ar- 
ranged in chains, which, arising from the epidermal cells, con- 
verge towards the centre of the leaf where lies the vascular 

♦ Cockayne (1903), p. 280 
t Hooker (1847), vol. i, p. 38. 

I Cockayne (1003), p. 265. 
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bundle (v h ) The vascular bundle is surrounded more or less 
completely with a ring of large colourless parenchyma cells 
(par.) 

Pratia arenaria, Hook f. 

In Hooker’s Handbook this plant is described as Pratia 
angulata, var arenana The leaves are orbicular, sinuate- 
toothed, sliortly petiolcd, and membranous * * * § 

Hah — “ Lord Auckland Group creeping over the open 
sandy shores of Enderby’s Inlet, Rendezvous Harbour ; Lieu- 
tenant H Oakley ”t 

This plant occurs associated with Epdobtum conferti folium 
on the shady side of the gullies between the sand-dunes on 
Enderby Island J It is also found in the tussock meadow of 
Antipodes Island 

A natomy (fig. 20) —The leaf I examined was a young one, 
but could be easily identified as Pratia by the angular margin 
Tlie cells of the epidermis (ep ) were thin- walled, except beneath 
the vascular bundle, where the walls were considerably thickened 
(I ep) There was no cuticle developed, and stomata (st.) occurred 
on both surfaces The chlorenchyma was differentiated into 
palisade (pal ) and spongy (sp ) The palisade tissue was just 
one cell in thickness, and the cells were the regular palisade 
form with chlorophyll corpuscles arranged on the side walls 
The rest of the chlorenchyma is composed of spongy tissue (sp ), 
large thin-walled cells, not so densely filled with chlorophyll 
and not very loosely arranged. Underneath the vascular bundle 
18 a mass of smaller-celled colourless tissue with thicker walls 
The bundle (vh) is surrounded by a well-marked endoderrais 
(endo.) 

The spongy tissue will most probably act as water-storage 
tissue as well as the thicker- walled tissue beneath the bundle, 
a necessary modification for a maritime plant such as this. 

Gentiana cerina, form v concinna, Kirk. 

“ Leaves very . thick, coriaceous, obovate or spathulate- 
oblong, fin. to IJin. long, radical and cauhne similar, 
3 - nerved ” ; form v concinna, “ long, coriaceous, obtuse, 
often recurved.” “ A most beautiful plant ; remarkable for 
the thick, trailing, leafy stems, bright-green, shining, succulent 
foliage.”§ 


* Hooker (18fl7), p. 172. 

t Hooker (1847), vol i, p. 41. 

t Cockayne (1903), p 238 

§ Hooker (1887), p 191. 
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“ In winter it has rather dense rosettes, crowded together, 
of dark-green imbricating leaves, the four or five outer leaves 
much larger than those crowded internally In spring the 
rosettes open out, and the ne^w branches spread out radially, 
with their tips ascending 

Hob Lord Auckland Group near the sea on rocky 
islets in Rendezvous Harbour ’’f 

In the PfeurophyUum meadow of Auckland Island “ are 
grass-like tufts of Scirpus aucklandicm and the silvery-leaved 
llehchrysum prostratum, and very frequently associated with 
these are the shining green winter rosettes of Gentmna cerina 

There are several rosettes of this jdant on the rockery ; 
It has grown and spread since it was planted there last year. 

Amtomy (fig 21) —The leaf I examined was very tliick and 
coriaceous, with recurved margins There is a more or less v^ell- 
defined smooth cuticle (cid,) on the upper surface The upper 
epidermal cells (ep ) are thick-walled, and slightly rectangular 
in shape Those of the lower ejndermis (I ep ) arc smaller, 
with thinner walls, no cuticle, but interrupted by numerous 
Stomata {st ) The chlorenchyma is differentiated into palisade 
tissue {pal )— consisting of oval cells in four layers and densely 
filled with chlorophyll ~ and spongy tissue, which makes up 
the greater thickness of the leaf, being about double that of 
the palisade. This tissue is loosely arranged, leaving numerous 
air-spaces (a s ), and is not so densely filled with chlorophyll, 
'the vascular bundle (t; h ) is surrounded by an ondodermis 
(endo,) of colourless cells, surrounded by the larger chlorophyll 
contaimng cells of the mesophyll. The recurved margins of 
the leaf, together with the rosette formation, serve to protect 
the stomata on the under surface, and so check the rate of trans- 
piration of the leaves. • 

Myosotis capitata, Hook. f. 

“ Leaves radical, linear, obovato or lanceolate, obtuse, 2 m 
to 4 in. long, narrowed into broad petioles, hispid-pilose on both 
surfaces ; cauline linear, oblong or spathulate, sessile ”§ 

“ In winter it presents semi-rosettes of rather thick, soft, 
dark-green leaves, covered on the upper surface with bristly 
white hairs. The stems are prostrate, but with the extremities 
ascending and forming roundish tufts i 16cm. in diameter, 
and 6 cm. from the surface of the ground. The leaves are 

♦ Cookayno (1903), p 263. 

+ Hooker (1847), vof. i, p 34. 

i Cockayne (1903), p. 269. 

§ Hooker (1864), p. 194. 
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aemipatent, and frequently recurved at their extremities, and 
dense enough for one rosette trO touch the next/’* 

Hah —Auckland Island “ On gravelly banks near the mar- 
gins of woods close to high-water mark ’’f 

In the Pleurophyllum meadow formation of Auckland Island 
(Cockayne) 

Anatomy (figs 22a, 22fe). — There is no cuticle, but the epi- 
dermal cells {ep ) are protected by the very numerous hairs (h h ) 
whiC/h are found thickly covering both surfaces, more especially 
the upper, which is most exposed These hairs are unicellular 
outgrowths of the epidermal cells The upper epidermis {ep ) 
consists of regular rather thick-walled cells with no stomata , 
in the lower epidermis (I ep ) the cells are smaller, thin- walled, 
and interrupted by very numerous stomata {st ). The chloren- 
chyma (chlor.) forms a regular palisade tissue (pal ), three cells 
in thickness, densely filled with chlorophyll The spongy tissue 
(sp.) occupies the greater thickness of the leaf, and is composed 
of irregularly shaped cells, very loosely arranged, aitd so leaving 
numerous air-spaces. The vascular bundles (v b ) are surrounded 
by the endodermis (endo ), and further by a colourless paren- 
chyma sheath. i 

Veronica benthami, Hook f 

“ Leaves crowded towards ends of branches, sessile, J in. 
to I Jin long, linear or obovate-oblong, obtuse, margin with 
a few deep serratures and edged with down, very coriaoeous, 
flat, veinless , opposite pairs connate at the very base.”J 

“ Leaves are thick, rather soft, narrow obovate-oblong 
m shape, dark-green ; with regard to the light, the surfaces 
of the lower and larger leaves are horizontal and frequently 
arch downwards somewhat. The structure is that of a typical 
dorsi Ventral leaf Nearer the apex of the shoot the leaves are 
smaller than those below, broader in proportion to their length, 
and loosely imbricating. ”§ 

Hah . — “ Small dwarf plant with deep glossy green foliage ; 
near the sea ”1| 

This plant is confined to the Auckland and Campbell Islands. 
On Campbell Island it is found growing through bushes of Co- 
proama or amongst the tussock, with its “ rather straggling 
naked stems marked with many leaf-scars, but quite green 
above.”§ It appears again m the subalpine rock formation, in 

* Cockayne (1903), p 263. 
t Hooker (1847), vol. 4 p. 56. 

X Hooker (1867), p. 214. 

J Cockayne (1903), p 277 
II Kirk (1891), p. 221. 
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those hollows between the rocks which afford plenty of shade 
and moisture and which are large enough for peat to have col- 
lected in abundance. In these same hollows occurs also the 
Fanunculus ptngms described above 

Anatomy (fig 23).— There is a smooth thickened cuticle (ciU ) 
on both surfaces, interrupted on the lower side by numerous 
stomata {si ), which project slightly The epidermal cells {ep ) 
are more or less cubical, with slightly thickened walls, the same 
size on both upper and lower surface Just above the one vein 
18 a depression on the upper surface, and this is lined by epi- 
dermal cells somewhat smaller than the rest, with slightly thicker 
cell- walls The hairs (h h ) forming the tomentum at the edges 
of the leaf arise in the epidermal cells • they are short and 
thin-walled The chlorenchyma is differentiated into palisade 
iped,) and spongy (ap ) The palisade tissue consists of a layer 
three cells thick of rectangular cells densely filled with chloro- 
phyll. This passes gradually into the spongy tissue, composed 
of irregularly shaped cells with numerous air-spaces (a «.), 
making up the greater part of the tissue of the leaf lliere is 
only one vascular bundle {v h.) in the centre of the leaf, wJiich is 
situated beneath a depression on the upper surface (This is 
probably what is meant by describing tbe leaf as “ vemless ”) 
The bundle is surrounded by a well-marked endodermis {endo ) 

Piantago, sp. 

There seems to be some doubt as to the real affinities of this 
species. It is found only on Ewing Island of the Lord Auck- 
land Group, growing on the coastal rocks Its leaves are ar- 
ranged in rosettes The upper portion of each h^af is toothed 
In the small leaves I examined there were only two teeth, one 
on each side (fig. 24o), The lower portion is membranous and 
frequently coloured at the base with red colouring-matter. It 
grows with leaves flattened close to the rook. Dr Cockayne 
states (p. 239) that this is the species referred to bv Hooker 
(FL Antarc.) as P. carnosa, but that he afterwards classed it 
with the species P. brownii. In Dr. Cockayne’s opinion, how- 
ever, this plant bears “ no resemblance whatever to the plant 
known as P. brownii in the Southern Alps. It much more re- 
sembles a species of Piantago very common m coastal situations 
in the neighbourhood of Foveaux Strait, which is probably 
P. hamilioni% Kirk. The Auckland Island species certainly 
seems to me distinct from any New Zealand species ” (p. 323). 

There is a specimen of this plant growing on the rockery. 
The snow and frosts last winter destroyed most of the older 
and larger leaves, but it is now recovering and sending up a 
small rosette of green leaves through the old decayed ones, 
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while smaller rosettes are springing up^all round I have not 
been able to examine the plant with which it has been identified, 
but will merely give an account as fully as possible of its ana- 
tomical stru(;ture 

Anatomy (figs 24a, 24h, 24o) — A transverse section through 
the leaf shows a depiessioii on the upper surface above the 
midrib, and a corresponding protuberance on the low^er surface 
Stereom {sm ) is developed in small amounts at the edges of the 
leaf and above the lower epidermis opposite the midrib The 
cuticle (cut ) on the upper surface is smooth and thick, and the 
epidermal cells (ep ) of the upper surface have also greatly thick- 
ened walls The lower epidermis (I cf,) is made up of much 
thinner-walled and smaller cells This surface of the leaf is 
very irregular Peculiar hairs (k.) are developed on the surface 
Each hair (fig 246) arises from an epidermal cell, and by divi- 
sion forms a stalk of two cells and an upper portion of elongated 
cells These hairs are probably glandular Stomata (si ) occur 
on both surfaces, but are most numerous on the lower sur- 
face. The chlorenchyma (cUor,) consists of a palisade tissue 
(poZ ) composed of 5-6 layers of large oval-shaped cells with 
chloroplasts along the side walls, and a spongy tissue (^p.) 
closely arranged and consisting of only 5-4 layers The cells 
are rounded, and contain few chlorophyll corpuscles. There is 
a defimte and thick- walled endodermis (endo ) surrounding the 
vascular bundle (c h ) There is a strong and unusual develop- 
ment of palisade tissue, which is a modification to intercept heat 
and light rays. 

Astelia linearis, var sUbulata. 

“ Growing m patches, the short stiff vertical green portions 
of the leaf rising above the ground for about 11 mm. This 
plant spreads into large colonies by means of its long wiry stems, 
which creep just beneath the surface of the ground These stems 
are covered thickly with old decayed leaf-sheaths, and with these 
and the roots form extremely dense mats 5 cm, or more in 
length. . . . Just before issuing from the ground the stem 
branches into two or three leafy shoots, each furnished with 
2-3 green leaves. Such leafy shoots, being quite close, form a 
rather dense turf. The leaves are cm. long, and consist of 
a pale-coloured sheathing base, which is rather longer than the 
vertical or semi-vertical shining green subulate lamina. There 
are a few hairs on the sheath, and occasionally at the base of the 
lamina, otherwise the green portion of the leaf is quite glabrous.”* 


♦ Cockayne (1903), p. 200. 
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This plant, as Dr. Cockayne points out, differs very consider- 
ably from the type, Astdia Ixnea/tis^ which Hooker (1867) describes 
as follows • “ Leaves spreading, 1 in. to 6 in. long, narr(>\\ , 

linear, acuminate, keeled, margins recurved, silky and villous 
at the base ” (p. 284) ; and Dr Cockayne further adds, “ that 
midrib and edge of leaf are covered with adpressed brown chaffv 
hairs ” (p 266). 

llah —It occurs on both Auckland and Campbell Islands, m 
semi -bog formations. 

Anatomy (figs, 26a, 256) —The leaves arc linear, glabrous, 
solid and cylindrical for the greater part of their length, but split 
down near the base along the line of colourless parenchyma cells 
Fig 25a IB a section through the upper solid portion, while 
fig, 256, which is much larger in proportion, is through the lower 
crescent-shaped portion of the leaf. The colourless parenchyma 
IS on the upper surface , the leaves are here represented upside 
down. 

25a A cuticle {cut.) may be distinguished above the 
epidermal cells, frequently interrupted by stomata (st ) The 
epidermal cells are more or less rounded or cubital in shape 
The chiorenchyma (chlor,) is not differentiated, but consists of 
a mass of rounded cells densely filled with chlorophyll except 
on the upper surface of the leaf, where it is interrupted by a 
wedge-shaped mass of colourless thin-walled parencliyma cells, 
which probably acts as water-storage tissue The number of 
vascular bundles {v b.) varies. There may be one, two, or three 
at different heights in the leaf. The bundle is surrounded by a 
well-defined ondodermis (endo.). 

Fig 256 differs in the position of the colourless parenchyma 
tissue (par.), which here forms a layer two cells in thickness 
along the greater part of the upper concave surface of the leaf. 
There are always three bundles in this region In both cases 
raphides are present in certain of the chlorophyll- bearing cells, 
and anthocyanm is sometimes found in the epidermal cells 

Luzula crinita, Hook. f. 

“ Leaves flat and grass-like, with long white hairs on the 
margins and sheaths towards the base, 3 ^ m. to J in. broad.”* 

Hah . — “ Lord Auckland Group and Campbell Island . in the 
former locality it is found only near the tops of the hills, at an 
altitude of 1,200 ft. to 1,400 ft. ; more abundant m the latter, 
from the sea to an altitude of 1,200 ft.”t 

It is found on most of the Southern Islands— Lord Auck- 

* Hooker (1867), p 293, 
t Hooker (1847), vol. i, p. 84. 
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land Group, Campbell Island, Antipodes Island, and Macquarie 
Island It occurs at the higher elevations, away from the sea 
and amongst the tussock formations 

Anatomy (fig 26) —There is a very thick cuticle {cut ) on both 
upper and lower epidermis (ep,). The cells on the upper surface 
are very large indeed, their longer axes being at right angles to 
the surfa<'e of the leaf and their transverse walls thin ; these cells 
are equal to any four of the cells of the palisade parenchyma. 
The cells of the lower epidermis are much smaller and cubical. 
It is on this surface that the stomata {st ) occur m rows be- 
tween the veins There are also present multicellular hairs {h h.) 
attached to the stcreorn tissue at the edge of the leaf Stereom 
tissue occurs at the edges of the leaf, here consisting of cells with 
thick brown walls. It is also found on the upper and lower 
Burfa(!e of each vascular bundle, partially enclosing them The 
chloreruihyma {c?dor ) consists of an undifferentiated mass of 
small rounded cells arranged along the epidermis and round the 
vascular bundles, but leaving numerous large air-spaces in the 
centre of the leaf. The vascular bundles {v b ) occur at different 
intervals in the chlorenchyma tissue protected by a mass of 
stereom tissue. There is no well-defined endodermis present. 
The stereom tissue is developed to give mechanical support to 
the more delicate tissues against the action of the wind, and the 
large-celled epidermis acts as water-storage tissue 

Scirpus aucklandicus (Hook f.), Boeok, 

This little plant is very widely distributed m the Southern 
Islands. It forms small soft green tufts measuring about 2 m., 
and 18 found growing m the crevices of the coastal rocks on 
Auckland Island where there is plenty of moisture It is found 
in a similar position in Antipodes Island, here forming a dense 
mass which occupies an area of 1 35 m by 60 cm , and measunng 
about 15 cm. deep. 

The culms are a light-brown, and membranous, ^hile the 
leaves arise in tufts (fig. 276). They are roughly oval in outline 
in transverse section. 

Anatomy (figs 27a, 276) —There is a thick-walled epidermis 
(ep.) of rounded cells surrounding the leaf, interrupted at regular 
intervals by small mass of stereom tissue {am.) and numerous 
stomata (st.). The chlorenchyma (chlor.) is undifierentiated, and 
consists of a mass of small rounded colls in which are imbedded 
three vascular bundles (v.b.). Two large air-cavities (a.c.) occur 
in the central tissue, separated by a band of chlorenchyma only 
one or two cells thick. These air-cavities are a special modifica* 
tion frequently met with in swampy regions where the soil is 
not sufficiently aerated. 
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Carex triflda» Cav. 

A very large tall robust leafy sedge, 3 ft to 6 ft high , culms 
stout, obtusely 3--9-onous, leafy, smooth. Leaves very large and 
long, I in broad or more, flat, keeled, striate ; margins sea* 
brid Is much the largest New Zealand species 

Hah — This plant is common in New Zealand and in all 
the Southern Islands except Macquarie and Bounty Islands 
In the islands it is a common constituent of swampy ground, 
taking the place of the tussock-grass It grows m immense 
tussocks. The leaf is conduplicale, with a prominent keel on 
the outer surface 

Anatomy (fig 28) — The upper epidermis (cp ) is composed 
of large cells with outiculanzed outer walls, slightly convex. 
The cells of the lower epidermis (/ ep ) are small, but still thick- 
walled, and interrupted by numerous stomata (st ) Masses of 
stereom tissue {sm ) occur above the smaller vascular bundles, 
and below the mam one situated in the keel of the leaf. Above 
this mam bundle is a mass of large-celled parenchyma, a single 
layer of which extends below on either side the upper epi- 
dermis to the first vascular bundle. The chlorcnchynia (chlor ) 
is not differentiated, but consists of a mass of small rounded 
cells arranged in two layers adjoining each epidermis, leavmg 
between large air-cavities which are separated by strands of 
tissue surrounding the vascular bundles. Each bundle {v,h.) 
IB surrounded by a more or less well-defined endodermis (endo,). 
It occurs near the lower surface of the leaf, and the space 
between it and the upper epidermis is filled up with a mass 
of round thick- walled stereom tissue. 

Poa foliosa, Hook. f. Festuca foliosa, FI N Z , i, 308. 

“ Culms stout, tufted, tall or short, 1 ft to 3 ft. high. 
Leaves flat, glabrous, coriaceous, shorter or longer than culms, 
^ in. to J in. broad ; ligulo short, membranous, sheaths com- 
pressed.” 

Hah.— This is found on all the islands, excepting of course 
the Bounty Islands, on which no vegetation occurs except a 
species of DurviUofa attached to the rocks, and on the rocks 
u species of alga. It forms broad zones of tussock m the dif- 
ferent formations, and frequently attains a considerable size. 

Anatomy (figs, 29a, 296, 29c). — The leaf is hinged, and folds 
over on the central ridge at a, a. The ordinary upper epidermal 
cells (ep.) are rectangular, with the long axis vertical to the 
surface, and the outer wall projects into small papillae with 
thickened outer walls (of. Acama). (See fig. 296.) The epider- 


« HoOkfx (1867), p. 816. 

^ 14— Traoa. 
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mal c^lls occurring at the hinges a, a, are very large, with the 
long axis vertical to the surface, some wedge>8hap(‘d , their 
outer walls are just slightly convex Above the masses of 
stereom tissue which occur at regular intervals on the upper 
surface the epidermal cells are much smaller and flatteued, 
and the walls also do not project It is on Ihis upper surface, 
which 18 also the inner surface when the leaf folds over, thai- 
the stomata ) occur, partially protected by the papilla' 
Each guard-cell is accompanied by a subsidiary cell (sh ), which 
assists in opening and (dosing the stoma (fig 29b) The lower 
epidermis is composed of very thick- walled cells, with (uitn 
cularized walls, generally cubical m shape, those beneath the 
masses of th(^ stereom tissue being much smaller, but still 
cubical Stereom (sni ) oc(uirs m various parts of the leaf as 
strengthening tissue against the (*ff(*cts of the wind It is 
founcl above and below each vascular bundle (rh) It forms 
the little ridge projecting above the mam vascular bundle on 
th(^ upper or inner side of the leaf and also a larger mass 

of it forms the keeMike projection on the lowi^r surface {sni ) 
At a and a on either side of the central mass of tissue the 
tissue between the large upper epuh^rmal c^ells, whicli jirobablv 
act as hinges, and the lower epidermal cells is made up 
of a mass of thick-walh^d (colourless cells (col ) The rest of 
the leaf consists of chlorenchvma (chlor ), small roundc'd cells 
densely filled with protoplasm A well-defined very thick- 
walled endodermis surrounds each vasimlar bundle (fig 29c) 
The xylem (/// ) of the bundle shows well-developed and thick- 
wallcd xylem vessels on the upper surface 
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List oe Plants examined, arranged in their Okdkrk 
Ranunculacew, 

Banurmdus pinguis. Hook. f. 

„ Btfbscaposus, Hook. f. 

„ aucMandicuSf A. Gray 

CaryophyUaoem, 

Colobanthus auhvlatus. Hook, f, 

Rosacece, 

AccBna sangmsorbm, var, antarctica, Cockayne 
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Onagrarew, 

EpUobium confertifolium. Hook f. 

V nihelhferod. 

Ltgusticum latifohunK Hook f 
,, antipodum^ Hook f 


AraltacecB. 

Stdbocarpa polarxs^ A Grav. 

liuh^acem 

Coprosma cuneata. Hook f 
,, repens^ Hook f 

(^ompositfjp 

Olearm lyaUxi^ Hook f 
Abroian^a rosuLaia^ Hc>ok f 

„ spaihulata^ Hook f. 

Cotula lanaia^ Hook i 
„ propingtm. Hook f 
Pleurophyllum .npeciosum^ Hook, f 
Senecio antipoda^ Kirk. 

Styhdidceo!, 

Phyllachne clavigera (F Muellor), Hook. f. 

CampaniUacecB. 

Pratia arenaria^ Hook. f. 

Gevtianacew, 

Oenttana certna^ var conctnna^ Kirk. 

Borcuginaceoi. 

Myosotis capUata^ Hook f. 

Scroph uLariacece, 

Veronvca henikam% Hook. f. 

Plantagin<icem 
Plantago sp. {brownti ?), 

JLdincem, 

Atidia linearU suhulata. 
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’ Juncacem. 

Luztda crimta, Hook. f. 

Cyperacem. 

Scirpus aucklandicus (Hook, f ), Boeck. 

Carex tnfida, Cav. 


GramtnacecB 
Poa foltosa, Hook f. 


EXPLANATION OF PLATES XXVIII TO XXXVIT 
Plate XXVIII 

Fig la TranH verse nection of leaf of RanwncAdus p%ngn%8 , x 44 
Fig \h Transverse section showing stoma {at ) and guard-cells {g e.) 

Fig. 2a Transverse section of loaf of Ran aubacapoaus , x 44. 

Pig. 2b Surtace section of epidermis; x 44. 

Pig 2c Iveaf of same 

Fig 3. Transverse section of leaf of Ran aucldandtcm , x 44 

Pig 4a Transverse section of Volobanthua aubuUUva ; x 44. 

Pig 4b Plant of same ; half natural size 

1>LATR XXIX. 

Pig 6a Leaf of Acaitmi aanguiaorbm aniardtea. 

Pig 66. Leaf of var. ptloaa; half natural size 

Pig. 6c Transverse section, leaf of A coma aangmaorbcp antarctxca ; x 44. 

Pig bd, 'Fransvers© section, leaf of Acoana aangmaorbaa pdoaa ; x 44 

Pig 6c Transverse section through lower epidermis of a ; x 66 

Pig. 6a Transverse section of RpUobium confertxfoltum , x 23 
Pig. 66. Shoot of same 

Pig. 7. Transverse section, leaf of lAguaHcum laJtifclxum , x 23 

Plate XXX. 

Pig 8a Transverse section, leaf of Ltguaiitcum antipodum ; x 23. 

Pig. 86. Section through resin-ca.nal (e.) ; x 66. 

Pig. 8c. Section through a stoma ; x 66. 

Pig. 9a Transverse section, leaf of Stilbocarpa poUtrta; x 16. 

Pig 96. Section showing hair ; x 15. 

Plate XXXI. 

Pig. 10. Transverse section, leaf of Coproma cuntata ; x 23. 

Pig. 11. Transverse section, leaf of Coprogma repena , x 23. 

Pig. 12a. Transverse section, leaf of OUaria lyaUit ; x 2.3 

Pig. 126. Transverse section, showing hairs ; g.h, glandular hair ; x 65. 

Pig. 13. Transverse section, leaf of Abrotandla roawai^t , x 44. 

Plate XXXlt 

Pig. 14. Transverse section, leaf of Abrotandla apathulata ; x 44. 

1 5a. Transverse section, leaf of Cohda lanata ; x 44. 

Pig. 166. Section through pit ; x 66. 

P^(. I6c, Section through vascular bundle to show endodermis ; x 66. 
®*ig. 16<I, Leaf of Oot. lanata ; half natural size. 
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Fig HW Tiansvormi »o< tion, leaf of Cotuia proptnqun , x 44 
Fig l(>/i Leaf of wanu? , half natural Hi/e 
Fig Ihr Sec hot! through Ktonia , x (If) 

JhATE XXXTIl 

Fig i7</ TiauHverne bceliou, leaf of PUnrQphyllujH apeciosum, tlvrough 

ril) , ^ IT) 

Fig I7^> TratiHVoiHe Ke< (ion, Imf of VleHTophyllum spectosnyiiy through 

rnosoplivll , x 15 

Fig IH TrauHVi'ise Hoetioii, leaf of Stneno antipo<la y x 15 
(*LATK XXXTV 

Fig 19 TrausverHe neetion, leaf of Phylhithm clnvigvra y x 41 
Fig ‘20 TianK\erHO Bcetion. leaf of Pratui firtjiann , x 44 

Fig 21 Traiirtverae Bection, leaf of (hntiaua ceriina , x 44 

Plate XXXV 

Fig 22u TrauHverne Boclion, leaf of JSU/oHohfi rapUatn , x 23 
Fig 226 Surfan' section of upper epidermis (rp ), sliowiiig hairs {h)\ 
X 23 

Fig 22r Surface sei tion of lower epidermis (/ ep.). showing stomata {at ) , 
X 41 

Fig 23 Transverse section, Vvromcn lurUhami , x 44. 

Fig 24ft Transverse sec tion, Planhiga , x 44 

Fig 246 Kurfac e view of epidermis, showing stomata and hair , x 44 
Fig 24c Leaf of same, half natural size 

Plate XXXVT 

Fig 25a Trans veise section, loaf AHdxa y x 44 

Fig 256 Tratisveise section, loaf A Mia 

Fig 25c Kpiderims of Aftteha , x 125 

Fig 2h Transverse section, leaf of Ijinvtla ertmta y x 44 

Fig 27a Transverse section, leaf of iSVirpttA to MW , x 44 

Fig 27 h Plant of same, half natuial si/e 

Plate XXXVTL 

Fig 28 Transverse swtion, leaf of (Unex tnpia\ x 44. 

Fig 29tt Transverse section, loaf of Poa fnlioaa , x 44 

Fig 296 Transverse section, showing stomata and papillae ; x 126. 

Fig 29c Transverse section through bundle, showing endodermis and 
vessels x 215 

Lettkiuno used in FiutniK!* 

cut (hiticle sm Stereoin tissue 

ep Upper epidermis. og Oil-globule. 

l,ep. Lower epidermis cr Oyst^l of oxalate of lime 

at Htoma r. llaphide«», 

ah Subsidiary cell r Hesin -canal. 

h Hair. h, Kpitholial tissue lining canal. 

pap Papilla par Uolourless paienohyma tissue. 

at I Water-storage layer. p a. Parenchyma sheath 

cUor Uhloronchyma c/ido. Fndodermis. 

pal. Palisade tissue. vh. Vascular bundle. 

ap Spongy tissue, ti/. Xylem. 

a a. Intercellular an -space. ph Phloem, 

cof. Oollenchyma. 
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Vrt. XLTX — Description of a New Natwe Grass 
By T) Petrie, M A 

[R(iac! before the Auckland InsUtule. {Hh October ^ 1905 I 

Poa astoni, sp iiov 

A grass growing on coast cliffs, dinisely tufted, 15 in high 
or less, witli loaves equalling or exceeding the culms Leaf- 
sheaths broad, compressed, thin, striate, glabrous, pale, con- 
tinued at the edges and front into a rigid broadly tiuiiigular 
acute ligiile Leaf -blades filiform, involute, stiiate, glabrous, 
suddenly n,vrrowed from the back of the sheath, the jioint ol 
ongm being marked liy a joint , in age deciduous at the joint 
In smaller forms the blades are shorter, more rigid, and almost 
acicular Culms slender, few-jointed, striate, the joints short and 
constricted ; uppermost leaf on culm long-sheathing Panu'le 
ovate or ovate-oblong, compact, 2| in long or l(*ss , panich*- 
branches 4 or fewer, terete, glabrous, swolhm biOow the in- 
sertion of tlie Bpikelets Spikelets crowded at the tips of 
the panicle-branches, pale, shining, shortly stalked, \ in long, 
5-6-flowered, flowers all sessile. Outer glumes hall as long 
as the spikelets, pale and shining, nearly equal, broadly lance- 
olate, acuminate, glabrous, 3-nerved for t-wo-tlurds of their 
length Floweriiig-glurnes glabrous or finely pubescent, strongly 
5-nerved, acuminate, the midrib delicately scabrid oi almost 
glabrous, ciliate at the margins, with a scanty tuft of long liairs 
at the bottom of the back ; this tuft sometimes absent Palea 
2-nerved, nerves oiliate, bifid at the top, 

Hab. Rockv eliffs and reefs on the roast of Otago and Btewart 
Island — at Brighton, Taieri Mouth, Gatlin’s River, Waikawa, 
Bluff, and Paterson’s Inlet ; also at the Auckland Islands (/W< 
T Kirk, who contributed specimens from there to Mr Clieese- 
mau’s herbarium). 

SirJJ. D. Hooker’s Festuca scoparia, described m the “ Flora 
Antarctica,” appears to include two distinct grasses, the present 
grass and one that is confined to the southern off-islands, where 
it forms the principal coastal and upland tussm'k-grass on the 
Auckland, Campbell, and Antipodes Islands. As many of the 
cliaracters contained in Hooker’s description apply only to the 
latter, I conclude that it was the off-island tussock-grass that 
be meant to distinguish as Festuca scoparia. 

Hackel recognised that Festuca scoparia was a true Poa. 
Cheeseman, who agreed with this view, has accordingly named 
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it Poa Ittorosa^ the name Poa scofarxa being preoccupied. 1 
assume that Poa litorosa is the ofi-island grass, which is not 
known to extend to the mam islands of New Zealand, and cut 
out of Hooker’s original species, the one here described. 

I formerly referred specimens of the true Poa litorosa, Cheesm , 
given to me by the late Mr T Kirk, F L 8., under the name 
of Festam scoparia^ Hook, f., and collected by him on the Auck- 
land Islands, to my Poa chathamica Tins mistake was due to 
misunderstanding the true relations of Poa litorosa, Cheesm , 
and the species here described. 

An accurate description of Poa litorosa is much needed, 
but at present the material m the possession of colonial botanists 
is msufficient for the purpose 


Art. L. — Appendix to the List oj Seaweeds of Norfolk Island. 
By R M Laino, B.Sc. 

[Rejod before the PhUosophtcal Institute of Canterbury, 5th July, 1905.J 
In vol. xxxiii of the “ Transactions of the New Zealand Insti- 
tute there appears a list of the seaweeds of Norfolk Island. 
I have now a few more species to add to that list. Of the two 
species hitherto considered to be endemic, one, Plocamium 
hamatum, J. Ag., has recently been found on the Australian 
coast. Owing to an oversight m reading the proof, two species 
already listed in the paper were reinserted m the addendum. 
If these duplicates are removed from the list there remain thirty- 
three already recorded. To this list six have to be added, 
none of which are endemic, but they are all cither Australian 
or widely distributed. 

34. Caulerpa racemosa (Forsk.), W. van Bosse, var. Icetevirens 
(W. van Bosse). 

36. Bryopsis foliosa, Bonder 

36. HydrodaXhurus canceUatus, Bory. 

37. IHctyota ciliata, J. Ag., forma (dentibus sparsissimis et hie 

illic in phylla excrescentibus, ut in D. patens; ? « var. 
htjmilis, Grunow, Samoa, i). 

38. Ulva memeaoidea (Bory), Mont , var. angusiior (Grun.) 

U. fasciata, Delile. 

39. Cystophora umfera (Aresch.), form without vesicles (? shallow 

water). 

I have again to thank Major Beinbold for his kind assistance 
in the identi^tion of the specimens. 
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Art. LI — The Ocxurrence of (Md at Harbour Cone. 

By C N. Boult, B.Sc. 

Communicated by Dr. P. Marshall. 

[Head before the Otago Inetitute^ Bth Augiistt 1905.] 

Platbs ix-xm 
Introduction, 

Thb occurrence of gold m igneous rocks in New Zealand has 
been treated of m only one instance — that of the andesites 
ot the Thames goldfields. In these the gold o< <‘urred in such 
small (juautitios as to require special means of determination, 
and existed only in the bands of rock immediately next to the 
walls of the UkIcs On the Otago Peninsula, however, it occurs 
so plentifully in an alkaline syenite that the usual fire methods 
of assay can be used for its determination This syenite occurs 
at the base of a mountain on the Peninsula called Harbour 
Cone. 

Harbour Cone, as will bo seen on the accompanying map, 
18 situated about the centre of the Otago Peninsula, a volcanic 
peninsula which juts out from the coast of the South Island 
of New Zealand, here composed of sedimentary and ancient 
metamorphic rocks The mountain lies at the back of the 
settlement of Portobello, and for the last fifty years its slopes 
have been farmed. It rises on one side from the Otago Harbour 
and on the other from Hooper’s Inlet — a shallow sea-connected 
lagoon — at first in fairly gentle slopes, and from an elevation 
of 500 ft. rather steeply to its summit, 1,044 ft high (trig ). 
Tht^ sides are for the most part grassy, but a portion of the cen- 
tral cone is covered with bush. The top is composed of a hard 
cap of solid rock. Its sloping sides and steep central cone 
give It the typical appearance of a volcano, and popular be- 
lief has always considered it an extinct one. 

About 1874 the district was startled by the discovery of 
gold at Harbour Cone. Shafts were sunk and a drive made 
in a valley to the south-east of the summit, and a five-head 
battery was erected. However, after a short time it was seen 
that with the amalgamation process then in vogue profitable 
treatment of the ore was not possible, and operations were sus- 
pended. While the mine was being worked it was visited bv 
Professor Ulrich, who reported very favourably on its prospects, 
but, despite this, work had to be abandoned. Since then no- 
thing more has been done ; the battery has been removed, and 
the shafts been allowed to fall in. 
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The moxintain presents several difficulties for a geological 
examination The surface of the rock composing it is every- 
where covered with a thick mantle of decomposed rock and 
vegetable mould, which often renders th(‘ nature of tht‘ rock 
beneath a matter for conjecture The evidence afforded by 
surface boulders has sometimes to be relied on, and, since they 
may have rolled some distance, deductions based upon them 
may not always be reliable 

A map showing any topographical features was not pro- 
curable, and in preparing a map of Harbour Cone and its en- 
virons it was necessary to first survc^y it A luintour map was 
made, the survey being made with aneroid barometer, prismatic 
compass, and Abney level The position of all main points 
was fixed by means of crosK-bearings, and contours then run 
at every 100 ft from sea-level 

Two shafts existed in the valley where mming was originally 
carried on The lower one was filled with fallen earth and 
logs, and henct* was not accessible Tlie upper one was in 
a better state of preservation, but it was only possible to de- 
scend as far as the first cross-drive, as water had risen in the 
shaft below It was thus possible to penetrate only about 
5 ft or 6 ft into the auriferous rock, as will be seen m the sec- 
tion (Plate XIII) 

It IS hard to understand how the auriferous nature of the 
rock, or, indeed, how the rock itself, was ever discovered. The 
mountain-sides and all the valleys and stream-beds were care- 
fully prospected, but no trace of the rock could be discovered 
on the surface, and the site of the mine renders it improbable 
that it was accidentally discovered m sinking for water. 
Pannmg-off of the creeks showed no colours of gold nor trace 
of pyrites, nor any other mineral that would point to the pos- 
sible existence of gold. 

The purpose of this paper is to describe the characteristics 
and occurrence of the auriferous syenite and associated rocks, 
and if possible to account for the occurrence of gold m the rock. 
The occurrence of gold in plutoiuc and volcanic* rocks is a ques- 
tion bearing strongly upon its presence in lodes and allied bodies, 
and the occurrence of it in comparatively large quantities is a 
distinct peculiarity. 

In rock-analysis the methods described by “ Berringer’s 
Assaying ” were exclusively used, and m the assay of the syenite 
for gold and silver the usual fire methods were used. The 
assays were run with one or two check assays at the same time, 
and the assays and checks agreed almost exactly. The charge 
employed was, — 
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(jlrainB 

Ore fp'oimd to paBs 100-mefth sieve 1,CK)0 

Sodium-carbonate (Na^Oog) 1,50() 

Borax (NajH^O.) . . 750 

Litharge (PbO) . 1,000 

Powdered cliareoal (C) . 20 


the silver value of the litharge being subtracted from the weight 
ol the bullion 

With each three assays a blank was run Broken glass 
was powdered in the same mortar and on the same Iniekhng- 
plate, and put through the same sieve and then assayed with 
the same charge The result was the silver value of the litharge 
onlv, thus proving that no gold or silver had been introduced 
through the agency of the apparatus used 

General Geology 

The r(K‘ks of the Otago Peninsula and of its neighbour- 
hood are in three distinct groups* (1) The basement schists 
of Otago , (2) the Tertiary sandstones ; (3) the volcanic rocks 
of the Peninsula 

The sclusts of Otago form the vast pene-plain constituting 
Central Otago Hound the edges of this plain they are over- 
lapped by beds of various ages, in all classes unconformably 
The schist country commences at Brighton, about eight miles 
to the south of Dunedin The schists are micaceous and verv 
rich in quartz folur and veins. In places mica -sc hist gives 
place to chlorite -schist, usually in bands. Immediately north 
of Brighton the highly denuded surface of the schists dips 
beneath the Tertiary sandstonee, which are almost horizontal 
The folisB of the schist itself are as a whole nearly horizontid 
m this area, though often showing local phcafcious The sur- 
face of the schists is undoubtedly the basement on which the 
Tertiary sandstones and voloanio rocks of the Peninsula were 
laid down. Dr Marshall has reported fragments of schist 
occurring m the Port Chalmers breccia thrown up at a late 
stage of the eruptive period of the Peninsula, which prt>veH 
that these rocks exist somewhere beneath. Thus this sclust 
clearly underlies the Tertiary sandstones and volcanic rocks 
of the Peninsula, and it is on their highly denuded surface that 
the next series, the Tertiary sandstones, occAir. The age of 
these schists is not yet fixed certainly. The two authorities 
on the matter are .Sir James Hector, F R.S., Director of the 
Geological Survey of the colony, and Captain Hutton, formerly 
Provincial Geologist of Otago. The former, m his “ Outlme 
of New Zealand Geology,’’ which forms a summary of the work 
done by the Geological Survey Department, calls these rocks 
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“ clay-schistB ” of Lower Silurian age. In his “ Geo’iugy of 
Otago ” (1875) Hutton agrees with Hector, and calls the 
schists (Wanaka senes) “ Lower Silurian,” but in his “ Sketch 
of the Geology of New Zealand he gives their age as Or- 
dovician. In a paper published m the “ Transactions of the 
New Zealand Institute,” 1899, ho classes the schists as Ar- 
chsBan 

The Tertiary sandstones overlying these schists form the 
surface of a large block of country to the south and we^t of 
the Peninsula. On the Peninsula itself it is almost every- 
where covered by tremendous outflows of lava. However, 
along the shore of the Pacific Ocean on the south side of the 
Peninsula it outcrops, forming cliffs on the top of which are 
the lava-flows. It is for the most part composed of rounded 
grains of quartz and finer detritus, and is in many plac.es stained 
with oxide of iron, doubtless in part derived from the decom- 
position of the lavas above It outcrops underneath the basalt 
at Sandy Mount (see map) at about 100 ft. above sea-level 
In the “ Geology of Otago ” Hutton says that above the coal- 
deposits which occur in the lower portions of the series are a 
series of conglomerates (p. 48). These occur as outcrops at 
Kaitangata, but do not outcrop at Dunedin. In the early part 
of the winter of 1904 the writer was present at boring opera- 
tions conducted on the flat comprising the lower part of 
Dunedin A steam percussive borer was used, which in most 
oases reduced the rock pierced to fine powder. After passing 
through about 60 ft. of harbour-silt and volcanic rook in a 
decomposed state, and 100 ft. of sandstone, a very hard ma- 
terial was encountered which the borer would scarcely touch 
Rounded and broken fragments of quartz were brought up by 
the pump, which evidently came from a quartzose conglo- 
merate exactly similar to that found above the Kaitangata 
coal. Thus it seems that this coal exists not far below ft. 
from the surface. 

The sandstone is undoubtedly derived from the denuda- 
tion of the schistose country at the back. The quartz pebbles 
forming the conglomerate above referred to are undoubtedly 
schistose in their origin, showing in places foliation-planes in 
the separate pebbles. The age of these sandstones is given by 
Hector as Cretaceo-tertiary in his work above referred to. 
Hutton (“ Geology of Otago ”) classes them with the Oamaru 
series of Oligocene age. In the outcrop along the cli& to the 
west of Dunedin fragmentary remains of fossil shells are to be 
obtained from the clifib, notably Kochst€Uer% which 


* Quart. Jeram. Qeoi. Soo., May, 1985. 
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occurs in considerable abundance. This fossil has been identi- 
fied hy the Geoloj;;ical Survey and Hutton^ but m a recent paper 
by Professor Park and Captain Hutton the identification is 
disputed, the name Pseudamustunt huttoni being assigned to 
the fossil. 

The remainder of the Peninsula is covered by a thick cover- 
ing of volcanic rocks, forming lofty mountains and ranges 
With the exception of basalt they are almost all very alkaline 
m character. Dr Marshall in his section on geology in “ Dun- 
edin and its Neighbourhood ” shows a map in which areas are 
covered by basalt, dolerite, trachyte, trachytoid phonolito, 
nepholine basanite, nepheline tmguaite, and kenyte, similar 
to that described by Gregory from Mount Kenya in East Africa 
It IS upon the very highly denuded surface of the Tertiary 
sandstones that these rocks outpoured, a fact shown by'^thc 
variation m the level of the outcrops of the sandstones 

Harbouk Cone 

A glance at the map accompanying will show that this peak 
and its immediate neighbourhood is on the surface almost en- 
tirely composed of bostonite The surface of the land is pre- 
cipitous, and rises to Harbour Cone to form m appearance almost 
a typical denuded volcano and its bared solid pipe The bos- 
tonite has a very great extent m this neighbourhood. It forms 
cliffs along the shore of the harbour to the east of Port Chalmers, 
and also tops the small lulls surrounding the central peak. 
The central portion of the peak itself is composed of solid basalt 
extending down to the 900 ft. contour-lme. Below this down 
to 750 ft. boulders of basalt cover the ground thickly, having 
been wedged off by frost and other natural agencies and rolled 
into their present position. On the northern slopes of the 
mountain an irregular area is occupied by a coarse breccia, 
very indurated, contaimng fragments of trachytoid phonohte 
and other rocks in large and small angular fragments. This 
is the Port Chalmers breccia, the greatest occurrence of which 
is on the peninsula on which Port Chalmers is bmlt, which con- 
sists almost entirely of the breccia. The breccia also forms 
the upper portions of the small hill to the north-cast of the 
main peak, as indicated on the map. The most important 
inclusion in the rook is large and small masses of alkaline 
syenite, showing that this rock must have enormous extent 
under the surface at an unknown depth, as the focus of the 
explosive eruption producing the breccia is somewhere near 
Port Chalmers. 

The flanks of the mountain are pierced by numerous dykes. 
The position and nature of those occurring in the neighbour- 
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hood of the mine are 8h<»wn on the accompanying map They 
are very varying in their nature, in fchiH small valley four 
varieties being met with — two varieties of trachvtoid phono* 
lite, one of bosfomte, and one of tmguaite The large auri* 
ferous mass of alkalmc' swmite rises to within a few feet of the 
surface }u»re 

Along the hill 'Slopes to the west there are two outcrops 
of Tertiary sandstone indicated on the map. One of thesr* 
has been quarried, so that the dip and nature of the rock is 
plainly visible It is surrounded above and below by boston - 
ite The sandstone dips about 5^ west, and where visible is 
in no way contorted or faulted The end of the drive down 
the shaft shown on the map is walled with a sandstone* crumb- 
ling m the hands and glittering witli scales of u golden- y el lo^\ 
mica. 

In the valley m which the mine is situated a chip was ob- 
tained from a boulder, whic.h und(‘r the microscope* exhibited 
peculiar characters. This piobably was derived from a dyki* 
of the rock, the dyke now being covered with loam, as no trace 
of it in situ could be discovered A description of the petro- 
grapliKial characters of the rock will be found under ‘‘ Petro- 
graphy ” 

The first outflow in this area was undoubtedly the bostonite 
The absence of any distinct flow-structures in it prevents any 
conclusions being arrived at as to its probable vent. It seems 
to have welled up and covered the neighbourhocxi with a de- 
posit of enormous thickness It flowed over a very highh 
uneven sandstone surfai’-e, as tlie outerupping of that rock at 
between 20() ft. and 3()0 ft , and its complete absence from 
the river-bed below, proves It would seem that an original 
sea-cliff existed along that portion of the sandstone now out- 
cropping. The top of this chi! now shows where the bostonite* 
has weathered away. 

8ome time after the flow of bostomte the intnision of the 
aiuiferous syenite took place This intrusion is of large extent, 
since it occurs in fragments in the brcecu thrown up at Port. 
Chalmers as mentioned above. It probably forced up the 
sandstone in places, assuramg dome-hke prominences. This 
18 probably the origin of tlie sandstone found in the drive in 
the mine, it being merely a portion of the main beds carried 
mechanically upwards It is undoubtedly after the flow and 
consolidation of the bostonite that this intrusion took place, 
firstly because the bostonite has been altered along its junction 
with the flyenito, secondly because this alteration is of small 
extent owing to the solid state of the bostonite. 

Dykes were formed first of bostonite (see “ Petrography 
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which was probAbly intruded into the hot bostomto The heat 
of the bostorute kept thm dyke in a molten condition long 
enough for tht» m^gma to act on the first- foinied crystals, 
as described under Vetrography Then followed dykes ol 
tuiguaite and phonolite, in what order it is almost impossible 
to say They were piobablv c.ounected with the large erup- 
tions of alkaline rocks on otlier ])arts of tlie Peninsula 

At a lat(‘r stage followed an eruption of m entirely dif- 
ferent nature The basalt (*ap now topping the mountain 
18 certainlv the upper portions of a basalt-filled volcanic pijie, 
which coinmumcated with the vent of a basalt-emitting \ol- 
cano on the surface of the bostonit(> After that enoimous 
denudation w'^ent on and entirely denuded aw'av anv outflows 
of basalt which may have occurred Some time during this 
peiiod the explosive eiuptions having tlieir focus near Port 
Chalmers formed a deposit upon the partially denuded bos- 
tomte, winch must have had a form then approximating to 
its present one, as a deposit of the breccia is found on the nioun- 
tain-slopes Since then more denudation has taken place The 
breccia has, wnth tlic exception of the deposits shown on the 
plan, been outirelv temoved A river has cut its passage through 
the flow, leaving the projecting hummocks now forming Quaran- 
tine Islands, which are entirely composed of bostomte The 
hard pipe of basalt has resisted denudation while the bostomte 
all round it has been denuded away, thus giving to the moun- 
tain its present form Thus, though the mountain has the 
t^qoical form of a vole.ano and its projecting nec.k, it is far from 
probable that the materials composing its slopes have been 
ejected from its summit, but rather the white bostomte once 
formed a high plateau on the top of which was on(*e a basalt- 
emittmg volcano. 

Thus, in this partmular area, the order of outflow seems 
to have been — (1) bostonite ; (2) intrusion of bostoiutt' dykes ; 
(3) intrusion of syenite mass, intrusion of tinguaite and phono- 
lito dvkes in unknowm order , (4) outflow of basalt , (5) ex- 
plosive eruptions producing breccia 

In giving the order of flow for the whole Peninsula, Dr. 
Marshall, m the work above referred to, writes — (1) trachite 
(bostonite) ; (2) basalt and nephelme basanites , (3) giee.n 

trachytoid phonolite , (4) kenyte ; (6) Port Clialmers breccia 

In the neighbourhood of Harbour Cone it seems probable 
that the phonolite and tinguaite dykes preceded the basalt, 
since the latteT is remarkably fresh, while the former is very 
decomposed. The phonolite, however, lends itself to decom- 
position very readily, so that arguments based on relative 
decomposition are perhaps not reliable. 
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Note on Psrudamusium huttom. 

This 18 the moat abundant and characteristic of the molluscH 
of the Dunedin Tertiary sandstones. It was originally identified 
by Hutton as Pecten hochstetien described by Zittel (“ Reisc 
der ‘ Novara ’ — Palaeontology,” tab. xi, figs 5a and 56), but, as 
Professor Park* has lately pointed out, the shell does not cor- 
respond with Zittel’s Pecten hochstetten^ the latter having one 
valve ribbed, while the former has both valves smooth. He 
has therefore given it its present name A sketch of this shell 
is shown in Plate IX, fig 1 . 

Petrography 

The volcanic rotjks of Harbour Cone, like almost all those 
of the volcanic portion of the Otago Peninsula, show by their 
constituents a clear derivation from an alkaline magma, with 
the exception of the dolerite occunng at the summit of the 
mountain, of which the minerals do not indicate any alkaline 
chemical composition The characteristic minerals of all are 
in many cases very strongly alkaline, the persistent occurrence 
of segerme being most striking The rocks, though differing 
in their mineralogical characters, indicate bv their mineral 
composition a very close relationship m their chemical com- 
position. These general resemblances point to the fact that 
the rocks come undoubtedly from one (lommon magma situated 
below the district, and any differences in mineral composition 
must be explained by one of the theories of the differentiation 
of magmas. It is more than likely that a differentiation or a 
very great local variation m magmatic composition will account 
for the presence of the dolerite in such close proximity bo this 
collection of alkaline rocks, as the difference m mineral com- 
position is no greater than has been recorded in other flows not 
only in the same neighbourhood but issuing from the same vent 

For determining the plagioclase feldspars the following 
method was employed • Crystals showing albite twinning were 
selected cut as nearly at right angles to the composition plane 
as possible, which was mdicatod by adjacent lamellro extinguish- 
ing between crossed nicols at right angles on either side of the 
albite plane. Several crystals were measured, and the maximum 
value for the extinction was compared with the table given by 
M. Levy (“ fiitude sur la Determination des Felspaths dans les 
Piagnes minces, 1894,” pt. li, p 29, et sea.). 

Many of the rocks are nephelinitoid, but the nepheline is 
often idtra-microscopioal. In cases where its presence was 
suspected a portion of the very finely ground rock was treated 


♦ Paper read before the Otago Institute, 9th September, 1904. 
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with dilute hydrochloric acid on a micro8cope-8lide, and then 
bIowIv evaporated to dryness. Under the high-power objective 
the presence of ncpheline was indicated by the occurrence of 
small cubes of sodium-ctilonde 

Aurifkrous Syenite. 

Two writers have mentioned this rock Professor Ulrich* 
111 the “Geology of Otago” (1875), by Hutton and Ulrich, 
describes it as “ a coarsely crystalline rock composed of triclinic 
feldspar, hornblende, and some quartz, and being more or less 
denaelv impregnated with pyrites.” Professor Park* describes 
the rock as a “ grey porphyntic rock of plagim-lase feldspar 
and hornblende,” and names it a “ porphyntic dionte ” As 
will be seen below, there is no visible quartz in the ro(;k, and 
it 18 distinctlv neither porphyntic nor yet a dionte In hand- 
specimens the rock is seen to be composed chieflv of feldspar 
and A dark mineral resembling hornblende in habit It is seen 
to b**. impregnated sometimes rather freely with pyrites, show- 
ing on the fractured surface small flakes of the mineral Some 
specimens, however, contain hardly any sign of pyrites It 
18 extremely hard and tough, being very difficult to fiacture 
on account of the latter property Under the microscope the 
rock 18 seen to be holocrystalline and of course texture The 
bulk of the rock is composed of hypidiom orpine crystals of 
orthoclase, sometimes twinned on the Carlsbad law, and tnclmic 
feldspar twinned rather coarsely on the albite law These give 
a maximum extinction on the albite plane of 12°, being there- 
fore oligoolase 

Throughout the body of the rook are very many small crystals, 
with irregular outline, of green transparent segenne pleochroio, and 
sh owing the high birefringence characteristic of that- mineral . Small 
rounded grains and needles of »gerine also occur -ibundantly. 

Large and very decomposed crystals are present mtergrown 
with the feldspar, and where these are not entirely decomposed 
they show the low birefringence and straight extinction of nephe- 
line. In most cases, however, the mineral is entirely decom- 
posed, and as it is not present in great abundance no absolute 
determination is possible. 

Throughout the rock are large granular masses, in shape 
roughly that of typical hornblende. In most instances these 
are the same right through the mass, but in some cases a core 
of brown pleoohroic hornblende is seen (Plate IX, fig 2) It 
is possible to out as many as ten sections without finding this 
feature. Where it occurs the mass presents the following charao- 


*Rep. N.Z. Geological Survey, p. 84 (1888-89) 
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terfl III the centro m the rounded core of horneblende, evidently 
from its pleochroie characters rich m iron This is Burrounded 
by a granular mass of opaque small rounded grains Some of 
these grains are yellow in reflected light and others blach, thus 
showing themselves to be pyrites and magnetite They occur 
in about equal proportions Between these grains small jilates 
of green agerine are to be seen, and needles and basal sections 
of clear apatite showing the typical uniaxial characters of that 
mineral In places small pieces of the hornblende also occur 
interstituiUy There is, besides, an isotiopic mineral whose 
(haracters show it to be analcite It is a decomposition pro- 
rluct such as would be expected in an alkaline rock 

Tliese granular masses with their central (’ore of hornblende 
form an interesting example of resorption zones They are in 
no wav the result of weathering, but result from the chemical 
effect of either the magma or superheated percolating solutions 
The original hornblende has been ai’ted upon by one of these 
agencies, with the resulting granular mass of a*germe, pyrites, 
and magnetite Where no core of the hornblende remains 
the mass has a distinct hornbJendic habit as a whole, being 
either a rminded mass such as would result from the cutting 
of an irregular (Tystal of hornblende parallel to the base, or else 
showing as a prism Where interstitial hornblende remains, or 
where a core is left, its oiientation is the same as that of the 
mass surrounding it The apatite needles were originally in 
the hornblende, a feature very common m this mineral The 
order of consolidation has been (1) apatite, (2) hornblende, 
(3) riephelmo, (4) feldspar, (5) resorption action and consolida- 
tion of pyrites in the body of the rock. 

Decomposition of the feldspars has produced kaolin and not 
serccite 


A chemical analysis of the rock gave as follows :* 



Per Cent. 

SiO, 

50*8 

AljOn 

.. 22'5 

FcjO, 

..91 

CaO 

. . 2-3 

MgO 

1-4 

K,0 

..3*9 

Na^O 

. . 5*7 


99*6 

From a comparison 

of this analysis with those given by 

Rosenbusch'** the rock 

most closely resembles an amphibole 

* “ Elemente der Gestemslehre ” (ref. p 131, Analysis, p, 29, No 10). 


1901. 
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foyaite from the Zwart Koppics (Transvaal, South Africa) 


The analvms of this ih — Per Cent. 

SiO., 53 73 

(Ti(‘l,) , 0 09 

' Al^O, 20 35 

Fe.,0, 3 74 

Fo() 2 13 

(MnO) 0 51 

MgO 0 47 

OaO 2 72 

Na20 7 94 

K/) (>05 

(?,(),) 2 02 

Ph.O 0 23 


A comparison of these shows that tins rock contains moic 
silica and alkalis than the PortobeJlo syeniti* and much Icph 
iron It 18 to he reinernbered, however, fhatlv, that m the por 
tion of the rock from which specimens were obtained (dieinical 
action has taken place with the foimation of abundant magne- 
tite and pyrites, which suflieiently ac<‘ounts for the high pei 
centago of non The rock also is in a decomposed state, and 
the alkalis have probibly been removed to some extent The 
lower pertMuitage of silica, however, is only to be accouut/i»d 
for by an original difference m magmatic composition The 
difference is so small that it does nut pieohidt^ clashing the rocks 
together. The total absemse of all sphene, and cotisequentlv 
of TiO^, is noteworthy, as this is usually an accessory m alkaline 
syenites The gieater amount of water is -dso explainable bv 
tlie weathered state of the Portobello rock. Roscnbiisch shows 
g’^aphically the percentage of silicon and the metals in (ertain 
rocks m his work above referred to. A graphic comparison 
is given here of the Portobello syenite and the amphibi'le foyaitc*, 
Avhere the resemblance is at once seen. The differences noted 
above are also to be noticed. 

SYENITt 


K No. F». At Sv 
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W 

m. 

i 
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FE 


Qraphio representation of ohemioal oomposition of Portobello syenite 
compared with foyaite (Brathagen). (After Brogger ) 
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The rock is also compared with a foyaite hy the graphic 
method described by Brogger.’*' In this method the relative 
molecular proportions of the oxides were calculated from the 
analyses and then shown graphically, and the departures from 
a typical toyaitc illustrated The type taken is one given from 
Brathagen. The molecular proportions of the rocks are — 



Portobello 

Foyaite 


Syenite. 

(Brathagen) 

SiO, 

0 8816 

0 9250 


0 2294 

0*2201 

FcaOj 

0059 

0*0064 

FeO 


0*0183 

CaO 

0 043 

0*0286 

McO 

0 036 

0*0111 

KjO 

0*042 

0*0583 

NajO 

0*098 

0 1732 


m The general similanty of the figures produced is to be noticed 
at once, and the high amount of iron, higher amount of potash, 
and lower of soda is to be seen. 



Eepresentation of amount of silicon and metals in Portobello syenite and 
foyaite. (After Rosenbnsoh.) 


^ Die Emptivgesteme doe Kristianiagebietes/* voL iii (1898), p. 248, 
e< seq. 
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Bostonite. (Plate XII, fig 8 ) 

This r<x»k, which, as mentioned in “ General Geology,” con- 
stitutes almost the whole of the mountain and neighbourhood, 
18 , where not discoloured by iron-oxide, quite white Two 
varieties exist The first is a finely crystalline rock m which no 
crystals of feldspar can be seen with the unaided eye , the 
second a coarse variety in which large crystals of feldspar are 
seen, often J m. in length This latter exists along the foot of 
the cliffs fronting the harbour, and it is doubtless to the 
deep burying and consequent slow cooling that this coarsely 
crystalline character is due. The remainder of the mountain is 
composed of the finer variety Under the microscope the rock 
IB seen to be composed of a number of polysynthetically twinned 
lathes of feldspar showing an evident flow structure. The rock 
18 completely crystalline, the only other mineral present being 
magnetite in small granules and rounded masses The rock is 
rather decomposed, the resulting product being white kaolin. 

Ulrich m describing the district calls the rock a trachyte, 
to which family it undoubtedly belongs. Though the rock is a 
lava, its characteristic feldspathic mineralogical characters ally 
it to the hypabyssal bostonites. Barker (“ Petrology for Stu- 
dents *’) defines these rocks as consistmg “ of feldspar, quartz 
never being abundant, and ferro-magnesium minerals being 
typically absent. Phenocrysts may or may not be developed, 
the bulk of the rock being a groundmass of httle feldspar rods 
often with partial flow disposition.” There evidently is a very 
close resemblance between this rock and the bostonites, except 
in their occurrence. The name has been applied to the rock 
even though it is a lava. 

A determination of the alkalis gave soda (NagO) « 5 7 per cent , 
and potash (K a 0) « 4*2 per cent. Since the rock consists almost 
entirely of feldspar, this shows that the feldspar is anorthoclase, 
rather rich in soda, thus allying the rook to the ccratophyres. 

A variety of the rock occurring in a band surrounding the 
syenite is seen to be much harder than the mass of the bostonite. 
It is densely impregnated with iron-pyrites Under the micro- 
scope Its structure is that of the last variety, but it has large 
masses and small grains of pyrites in it, together with patches 
of red iron-oxide. This band is certainly due to the altering 
effect of the intrusive mass of syenite. 

Bostonite Dyke. 

This IS a rock which occurs in a large dyke 8 ft. across, as 
indicated in the map. Its course can be clearly traced for 6 or 
6 chains, as the solid rock shows above the surrounding loam and 
soil 
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In liand-spetirTKMis the rock is very coarsely crystalline, 
large crystals of feldspar, both orthoclase and plagioclase, being 
visible Microscopicallv the rock is holocrystalliue and very 
coarse in strin tnre Plates of orthoclase, often with Carlsbad 
twinning and polvsvnthetically twinned plagioclasc, make up 
the bulk of the rock The plagioclase gives a mean extinction 
angle on th<» albite twinning plane of and is therefore a 

variety of oligoclase Dark patches of a granular nature con- 
sisting of magnetite grams occur in elongated shape Ihroughout, 
often roughly assuming an amplubole form. These are pene- 
trated by clear needles of apatite These show another examph* 
of resorption zones The outline of many of the granular masses 
IS distinctly hornblendic, and the inclusion of apatite, a mineral 
often found piercing crystals of hornblende, points to the original 
existence of that mineial in the rock Reaction of the magma 
has corroded the crystals, leaving only the magnetite and apa- 
tite, which evidently resisted the action Differing from the 
syenite, there are no remaining c.ores of hornblende in the rock. 

The naming of this rock is somewhat problematical. Origin- 
ally possessing amphibole, orthoclase, and oligoclase, together 
with its non-porphyritic holocrvstalline and coarse nature, its 
characters would class it with the Plauen'oher gruiid type of 
Brogger Among the hvpabvssal rocks to which it belongs there 
18 no rock to which it corresponds. The entire absence of 
trachytic structure, and its (joarse nature and evenly developed 
crvstals, render it different from any of the ty|>es of porphyries 
In view of its almost wholly feldspathic nature, and the mixture 
of feldspars which clearly places it m the porphyries, it seems 
to be a coarse example of a bostomte 

The occurrence of the resorption zones in this as in the 
syenite seems to point to its intrusion into a still-hot bostonite 
lava This surrounding hot material kept the magma sur- 
rounding the first formed crystals, the hornblende, in a liquid 
condition, giving it time to act on the crystals, producing the 
resorption of them. 

Though the name “ bostonite ” has been given to the rock, 
it 18 only on account of its association of feldspars, almost entirely 
feldspathic com'|)o8ition, and occurrence in a dyke, and not on 
account of its resemblance to typical bostonites. 

Tjnguaite (Plat(‘ XI, fig 6 ; Plate XII, fig. 7.) 

A dyke of this occurs as indicated on the map. Its course 
can be traced by small outcrops for a distance of 3 or 4 chains, 
though a determination of the width and dip cannot be made, 
In hand-specimens the rock is a dull-green, rather soft, and so 
finely crystalline that no minerals can be distinguished Under 
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the micTosf5ope the rock is holoervatalliiio and porphyritic It 
coiivsists niainlv of a gionndiiiass of a number of small crystals, 
rounded and irregular grams of legenne, togetln^r with an im- 
mense number of fine needles of this mineral Th(‘ legerine is 
of a grass-green colour, pleochroie and very birefrmgent. Hmall 
needles and lath(‘s of feldspar oe,e,ur in such small proportions as 
to render any d(»termi nation of their minoralogical properties im- 
possible Throughout this groundmass are numerous porphy- 
ritic, hypKbomor]jhie, and idiomorjihic crystals of hornblende, of 
a brown colour, strimgly pleochroie Tn })]accH these are larger, 
with typical hornblendic charaeters In parts of the sc'etion 
they form nests, each nest being composed of long laths and 
basal sections of hornblende surrounded by smalliT needles of 
Imrnblendi* and small masses of a>g(‘rine These an' comparable 
to the basic secretions found in platonic rocks 

The order of consolidation was evidently — (1) hornblende 
(crystals of tins having been separated out, tluTe was evidently 
a tenden<‘V for otbers to form in its vicinity) , (2) acgerinc ; 
(3) feldspar 

The stages of crystallization seem to liave to a great extent 
overlapped, the legenne having been in some eases contempor- 
aneously crystallized with the honiblendi' in the nests, and the 
needles of a^genne and feldspar being (jonsolidated together 

Treatment with acid and evaporation discloses cubes of 
sodnim-chlonde under the microscope showing the presence of 
nepheline The nairn* “ tingiiaite ” has therefore been given to 
the rock. 

TrA( HYTOII) PhoNOLITE 

Two varieties of this rock occur as dvkes, poss(»,8smg distinct 
characters 

No. 1. — This occurs, as shown, near the mouth of the valley 
containing the mine. The course of the dyke is shown bv the 
outcrop of the rock m situ Irom place to place along the line 
shown on the map. It appears to be about 7 ft broad, and is 
inclined at about 10° to the vertical. It is in a state ol great 
decomposition, so that the question as to whether it was ever 
nephelme-bearmg is not to be determined. Under the micro- 
scope it IS hoi ocrystal line and porphyritic. The phenocrysts 
consist of scattered crystals of hornblende of rather irregular 
outline, though sometimes rounded or elongated. Most of these 
are of a deep-brown colour, intensely pleochroie, while others 
show a dark- and light-green pleochroism. An interesting feature 
of the rock is the occurrence of crystals showing a gradual change 
from a brown-coloured core to a green margin. The interior, 
then, possesses a lower extinction angle than the exterior. The 
groundmass consists in part of granular oalcite with brilliant 
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birefringence. Tins is derived from the decomposition of the 
feldspar — an intorgrown mass of small plagioclasc lathes and 
fine needles, irregular masses and grams of bright- green aegerine, 
showing bnllianfc birefringence The feldspar is partially decom- 
posed to calcite, and in places to calcite and kaolin, and is 
twinned polysynthetically on the albit/e law It is of the variety 
oligoclase No evident flow structure is present Magnetite 
occurs in small rounded grains throughout. Though nephcline 
does not occur in the rock, it seems probable that when the rock 
was fresher it was present m small crystals , therefore the name 
“ trachytoid phonolite ” has been given to it. 

No 2 (Plate X, fig 4) occurs m the valley just above the mine- 
mouth It 18 not to be seen tn situ, but its course is maiked by a 
line of surface boulders extending as shown on the plan. It seems 
to have formed a dyke along this line. It is holocrystalhne and 
porph 3 n*itic. The phenocrysts consist of large square and rectan- 
gular plates of orthoclase and large columnar crystals of oligoclase 
very finely twinned (maximum extinction on albite plane = 10®) 
Calcite frequently occurs m granular masses, often taking the 
orientation, both externally and internally, of the finely twinned 
oligoclase, a fact apparent between crossed nicols. The ground- 
mass consists of an aggregate of plagioclase laths and needles 
and small irregular masses of green regerine. The feldspars 
show a pronounced trachytic structure, and are twinned on the 
albite law Treatment of the powdered rock with hydrochlonii 
acid, on evaporation on a microscope- slide, shows under the 
high power small cubes of sodium- chloride, thus proving the 
existence of nephelme in very small crystals. On account of this 
the name “ trachytoid phonolite has been given to the rock. 

Basalt (Plate X, fig. 3.) 

As mentioned under “General Geology,” this rock forms 
the top of the mountain, and apparently extends down for an 
unknown depth, filling an old volcanic pipe. The rock in hand- 
specimens 18 seen to be very undecomposed ; it is coarsely 
crystalline, and phenocrysts of feldspar and augitc can be dis- 
fcmgaished, the latter often of large size. Olivme is also dis- 
tinguishable, but in far less quantity than distinguishes the 
basalt family as a whole Under the microscope the rock is 
seen to be composed chiefly of mass of feldspar laths twinned on 
the albite law. They are all plagioclase, with a maximum ex- 
tinction of^32J®, thus being a variety of labradorite of medium 
composition. These laths show a general flow structure, and 
wrap round numerous small hypidiomorphic crystals of augite. 
These laths are of a clear pale variety, showing the typical 
non-pleochroic and highly birefringent characters of that mineral 
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In thiB mass of augite and plagioclase are large phenocryats of 
augitc, often quite idiomorphic, and showing the usual cleavage 
and characters. Olivine is also present throughout the rock 
m rounded grains and large rounded plates, but is not remark 
ably abundant It is quite undecomposed, and is distinguishable 
from the augitc with difficulty with oidinary polarised light, 
but under crossed mcols it shows a much higher birefringence 

A residuum of glass is ^iresent interstitial ly with the plagio- 
clase laths. It is not present m great quantitv, and is filled 
with small colourless beads. In places these unite to f(>rm 
colourless needles (margintes), and elsewhere to form dark- 
coloured rods which appear as small dark needles piercing the 
glass under the low-power objective. 

The coarse crystellization and almost entirely holocrystal- 
line characters of this rock ally it closely to the dolcntes The 
feldspar laths are much larger than arc usually found m basa’ts 
and more typical of dolerit-es The residiuum of glass and flow 
structure, however, class it with the basalts The coarse struc- 
ture IS doubtless due to the fact that it has solidified in a pipe, 
the exposed portion now, perhaps, being originally many hundred 
feet deep. The flows from this pipe were no doubt much finer 
in their crystallization 

. Under “ General Geology ” reference was made to a boulder 
found m the mine valley with pccuhar petrographical characters 
(Plate XI, fig. 5). Its mineral constituents find no parallel 
among any rocks that are described m any of the standard 
works. In hand-specimens the rock is fresh and ver}^ dark, 
showing phenoorysts of augite in places, and small shining 
facets of a dark mineral under a magnifying-glass. Under the 
imcrosoope it is seen to be holocrystallme and prophyntic. Tlie 
phenocryats consist of long polysynthetically twinned plagio- 
clase with a maximum extinction on the albite plane of 19°, 
thus being andesine. Rounded plates of augitc are scattered 
through the mass, and m places these are quite idiomorphic, 
and show unbroken crystalline outline. They are very pale 
green in colour, and non-pleochroic, with high birefringence. 

Enclosing these phenocrysts are a mass of irregular grains 
of soda amphibole (probably hastmgsite). They have a greenish- 
brown colour, and are very pleochroic. These have needles and 
small laths of andesine scattered throughout them, and form 
two-thirda of the bulk of the rock. 

The order of crystallization has evidently been — (1) augite ; 
(2) plagioclase phenocrysts ; (3) plagioclase in the ground-mass , 
(4) amphibole. This order of crystallization is a variation from 
the normal, and somewhat suggests that of the diabases, though 
in them the last mineral to crystallize is the augite, and horn 
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blende ih rarolv present The rock seems to be most closely 
1 elated to the phoiiolites and tinguaites, the soda amphibole 
taking the place ol the legerine common to those rocks, and 
nepheline not being represented The acid nature of the feld- 
spar prevents its inclusion with the diabases or Hohenbegger’s 
tescheiiites, to whu'h it has some aflTinities. 

Its occurrence is only another t*xample of the numerous 
varieties m which the cryst«ilhzati€m of the magma beneath 
has resulted, and the determination of tlu* respective formation 
ol jBgerme, soda amphiViole, or nepheline is doubtless to be 
sought m the varying f’hemical composition due to magmatic 
differentiation. 

The ()(hhikrrnce of (tOld 

An examination of the vallev containing the mim* leads to 
no sign of the auriferous rock on the surfac^e, and no sign of 
pyrites or other possible' gold-bearing miiu'.rals in the streams 
A drive indicated on the ma]) pierces tlie solid bostonite on the 
upper Hide of tlie vallev Two sliafts are sunk low<ir down, 
about 15 ft above the h'vel of tlie stream -bed The only one 
ac,e(‘ssible was in a fair state of preservation, but, owing to 
water, <!ould onlv ho descended a distance of 20 ft., to the first 
cross-drive 

The following materials wall the shaft and the drive . 
(1) .About 11 ft of loam derived from decomposition of the 
bostonite, and from vegetabh' sources , (2) about 1 ft of ver}^ 
decomposed bostonite , (5) cap of decomposed syenite ; (4) solid 
syenite , (5) the last 18 ft of the drive is walled with friable mi- 
caceous sandstom* (Set! Plate XIII, section AA, through drive.) 

Along the borcler-lme of the deimmposed bostonite was to 
be seen a band about 3 m m thickness of hard undecomposed 
mineralised bostonite, mention of which is made under “ Petro- 
graphy ” The syenite is m almost every specimen obtained 
pyntes-bearmg, and the mineralised bostomte is very rich in 
that mineral 

Assays of the samples obtained gave results as follows * — 

No. 1. — Svonito showing in hand - specimens no visible 
pyrites (mean of three assays) Gold » 0*000066 per cent,. 
Sliver » 0 00033 per cent ; giving, per ton of 2,240 lb. — gold 
10*45 gr , silver 2 dwt. I 74 gi 

No. 2. —Sample showing a few small specks of pyrites on 
fractured surface (mean of three assays) : Gold 0*00021 per 
cent., silver «= 0*00099 per cent. ; giving, per ton — gold « 1 dwt. 
8*92 gr., silver =» 6 dwt. 12 8 gr 

No 3, — Sample sliowing plentifully specks and small flakes 
of pyrites on fractured surface, the richest sample in pyrites 
obtainable (mean of three assays) Gold « 0 0013 per cent., 
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silver- 0 0066 per eeiit. , giving, per ton — gold-8dwt ll 8gr, 
silver ~ 1 oz 16 dwt 14 1 gr 

No 4 — Sampl<* of mineralised bostoiiite This ro<;k is every- 
where nehly impregnated with pvrit<^s, the fraidured surfiKC 
showing a bras^-velkw colour Mean oi two assays Gold 
= 0(X)23 per cent., siIvct =- 0 00(^51 per cent , giving, per 
ton — gold 14 dw^. 8 9 gr , silver - 3 dwt 3*8 gr. 

Assay of the mieaeeoiis sandstone* gave no sign of gold or 
silver 

From the above it w'lll be noticed tlial the amount of the pre- 
cious metals in the rock becomes greater as the amoiuit of pv- 
rit<‘8 im^reasos, and thertdore it does not seem altogether illogiiuil 
to infer that the gold and silver exist in the pvntes, being tlie 
so-called “ sulphide gold ” The proportion ol gold to silver, 
about 1 . 5, in the sveiut-e is almost constant, but in the mine- 
ralised bostomte the amount of uold suddenly increases, and the 
proportion of gold to silver becomes about 4 1. 

The (‘oarse crystallization of tlie syenite and its oc( urreiice 
in the Port (Chalmers breccia render it indisputable that this 
rock exists as a large intrusive mass under the distiict, and the 
only question to settle is whether the precious metals and pv- 
ntes were intioduced into it subsequently to its consolidation 
or whether they were an original constituent of the liquid magma 
that was forced up As mentioned under “ Geneial (neology,” 
the intrusion of the syenite w^as probably subsequent to tlie 
outflow of the bostomte, and the former (iarxied mechanieally 
upwards a portion of the sandstone beds. Another, possible 
solution for the presence of the sandstone is that- the syenite 
was originally a surface of the crust, and on it the Tertiary sand- 
stone was deposited, the bostomte afterwards flowing out and 
covering the sandstone * but this was probably not the case. 
Supposing a pyntes-beaniig alkaline rex^k such as the syenite 
was exposed on the surface. The action of atmospheric winter 
would have weathered the rw^k to a great extent, and subjecti'd 
It to the well-known process of secondary enrichment. The 
pyrites as well as most of the gold would have be<‘n dissolved 
and rodeposited in the deeper portion of the deposit, as has 
occurred m almost every exposed lode. The pyrites, howe ver, 
m this deposit is unaltered at the surface , and thus it is to be 
safely concluded that it has never been exposed to the dire(‘t 
action of a largo amount of atmospheric wate* for any length 
of time. 

From the presence of the resorption zones in the mass it 
18 evident that chemical action on the hornblende crystals has 
taken place. This action may have occurred m three ways . 
(1) Action on infra- teUuric crystals of hornblende by the magma 
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or other agency before or during ejection ; (2) action^of ^thc 
magma on the first- formed crystals after it had attained its 
present position , (3) subsequent action either of percolating 
water from above or below, or of water which constituted a part 
of th^ magma at a high temperature and charged with sulphur 
or sulphides 

The first of these is out of the question, since the movem<mt 
of the mass during ejection would have detached and scattered 
throughout the mass the granular particles surrounding the 
hornblende core. It is certain that the presence of the pyrites 
in large masses in the rock is closely connected with its pre- 
sence in small granular masses in the resorption zones, and 
therefore the formation of the zones was contemporaneous with 
the introduction of the precious metals. Taking it as probable 
that the mass was ojeotod after the outflow of the bostonite, 
we have two facta which have bearing on tne matter : one the 
presence of a small zone of pyrites bearing syenite, the other the 
total absence of pyrites and gold and silver from the micaceous 
sandstone The enrichment of the syenite and bostonite by 
ordinary vadose circulation is not probable, firstly on account 
of the absence of any possible gold-bearing bodies except the 
deeply buried schist, and secondly on account of the limited 
enrichment of the bostonite, a rock quite as porous as the syenite. 
There is absolutely no reason why the enrichment of this should 
have ceased a few inches from the junction of the rocks. The 
subsequent penetration of the mass by highly heated and sul- 
phide-charged water from below, if this penetration occurred 
after the consolidation of the syenite, is for the same reason 
untenable 

It 18 thus to the magma or to some portion of the magma 
itself that we must look as the mineralising agent. Since the 
syenite has only been assayed in samples taken from the sur- 
face, it is impossible to say whether the rock may or may not 
be gold-bearing throughoqt its mass, and this leaves the solu- 
tion of the problem to theoretical reasoning. However, we 
have seen that in all probability the reaction did not occur in 
the magma before ejection, and can conclude that the particular 
constituents which finally caused this action were not then 
concentrated enough to bring this about. When, however, the 
magma was forced up nearer the surface the mass would com- 
mence to solidify, and the portions of it which remained liquid 
longest would rise to the place of least pressure—that is, the por- 
tion nearest the surface. They would do this without mffi- 
culty in the semi-solidified viscous mass. At the surface they 
were, however, retained by the solid bostonite, which, however, 
they penetrated for a few inches, and the action causing the 
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resorption zones took place. When this action ceased, partly 
from the disappearance of the hornblende crystals and partly 
from the formation of a surrounding shell of resulting granular 
products which prevented further action, the remainder of this 
liquid solidified in its turn, forming the pyrites visible to the 
unaided eye Thus the action which could not proceed in the 
earlier stages of consolidation was rendered possible by the 
collection of certain constituents of the magma in the higher 
portions of the intrusion. 

The complete absence of the p3Tite8 from the sandstone is 
most striking, but when the great porosity of this rock is con- 
sidered, and the consequent free circulation of watei through it, 
a subsequent removal of the sulphide and gold and silver seems 
probable This sandstone lying along the surface of the syenite 
as It was carried up would be the easiest channel for vadose 
water to circulate, and the passage of a large body of water 
for a comparatively short time has effected what the limited 
amount passing through the comparatively impermeable syenite 
and bostonite has not been able to do. Owing to this very 
porosity it seems probable that the sandstone was once mint*- 
ralised to a much wider extent than the bostonite. The un- 
stability of gold-bearing sulphides has been illustrated in everv 
lode which carries sulphides, where the ‘‘ iron cap ” is often 
quite poor in precious metals the deeper portions of the reef 
being sometimes extremely rich. 

The greater richness of the mineralised bostonite may be 
due to a differentiation of the reacting portion of the magma, 
comparable to Soret’s classical experiment, when the more 
basic substances crystallized at the colder end of the tube, the 
“ colder end ” being the lower surface of the bostonite A 
similar cause may have resulted in the differentiation of the gold 
and silver, the bostonite being so much richer in gold 

From theoretical grounds it would appear improbable that 
the auriferous belt in this rock extends to any great distance 
below the surface. Portions of the syenite ejected by the Port 
Chalmers breccia are in such a weathered state that all pyrites 
has been removed from them even if it was ever present. A 
general segregation of the aqueous solution of sulphides to the 
upper portions of the intrusion seems more probable than a 
general segregation throughout the mass, since no sign of any 
marked small segregations is visible on the small portion of the 
rock exposed. This aqueous solution was strongly alkaline as 
well as sulphide-bearing, as its reaction with the hornblende 
produced eegerine. 

The occurrence of sulphides and gold in this syenite is a very 
striking feature. Its general alkaline properties render it more 
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than probable that it is derived from the magma whence flowed 
the tmguaites, phonolite4S, basanites, and kenytes of the remaindei 
of the Peninsula, and in these ro(dvS so far absolutely no sign of 
pyrites has been discovered. A differentiation of a magma 
so complete as to include all the pyrites m one outflow seems 
improbable Tlie fact that all the other rocks were either 
ejected through dykes or volcanoes seems rather to show that 
the free communication with the air enabled the sulphides to 
escape, being either carried up mechanically with the steam 
present, or else being vaporised and escaping with the reduct, ion 
of pressure consequent upon entrance to a surface-connected 
fissure Whether the precious metals have also e8ca])ed or not 
is to be decided only by careful assays by fine methods on large 
bodies of these rocks, and theoretical considerations seem to 
show that traces of them, at least, will be found 

The district is comparable to that of the Thames and ('’orfi- 
mandel goldfields There the (umntry rock is andesite, and the 
existence of gold in this country rock is a disputed point. Tn 
the Otago Peninsula, however, the gold occu'»*8 comparatively 
richly m one rock at least ejected from the magma beneath, 
and the formation of auriferous lodes in this district was pre- 
vented, either on the lateral • secretion or ascension theories, 
only by the absence of lode-formmg fisBures and the circulation 
of a suitable gold-dissolving solution. 


EXPLANATION OF PLATES IX-XIII 


Plate IX 


Fig. 1 
Fig 2. 


Pseudamustum hxUtoni, rodueod «i*o, 4 . 3, with profile views. 
Microphotograpb of Hyenito, showing resorption zone round horn* 
blende. 

Plate X 


Fig 3 Microphotograph of basalt, crossed nicols 
Fig 4. ,, phonolite, crossed nicols 


Plate XI. 

Fig. 5. Microphotograph of undetermined rpek, c?ro8sed nicols, showing 
augite and soda amphibole. 

Fig 6 Microphotograph of tmguaite 

P1.ATB XIL 

Fig 7 Microphotograpb of tmguaite, crossed nicols n, hornblende nest ^ 
b, legcrme twin. 

Fig. 8. Microphotograph of bostonite, crossed nicols. 

Plate XIIL 

Map of Harbour Cone. 
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Art lit. — On (he Geolog i/ of the Clarendon Phosphate-depostU, 
Of ago y Nen Tealand. 

By Artiuih R. Andrkw, B.Hc., A.O.S.M., Laboratory, Otago 
University Sehool of Mines. 

roniinumcated bv Professor James Park. 

[Head before the Otago Institute ^ ^ih August, 1905.] 

FIate« IV-VIII. 

Introductory. 

The LitneMonc Quarries. — The Millburn district is well known 
throughout Otago bv reason of its deposits of hniestone, which 
have now been worked for more than thirty vears Numerous 
(]uarrie8 have been opened up in various parts of the district, 
but there are only two in active operation at present - that of 
the Millburn Lime and Cement C-ompanv, near the Millburn 
Railway -station, and Wilson's (juarry, close to tfie mam road 
and about half a mile north of Millburn. The lime derived 
from the burning of the hmestone is for the most part used for 
agricultural purposes, the Millburn Company alone ]>roducing 
lime suitable for building The company has large works at 
Dunedin, and send theie by rail all the lime thev reqiure loi 
making cement, “land lime'’ nevertlieleHS constitutes the bulk 
of their out])ut. 1 understand that this company has been 
considering the possibility of using their limestone in the manu- 
facture of calcium-carbide. As will be noted below, some of 
the limestone in their quarry contains a small amount of phos- 
phoric acid, and in quarrying great care will bo needed lest anv 
of tins stone should be sent to the carbide-works. In the manu- 
facture of calcium -carbide from limestone,'' any phosphorus pre- 
sent associates with the carbide, and, when the latter is acted 
on by water to generate acetylene, forms compounds which 
mingle with the gas and burn with the production of a most 
disagreeable odour. The hmestone is not used as a building 
stone, as it is broken up into small blocks by the planes of lami- 
nation, stratification, and jointing, which arc well defined and 
set close together. 

Oth-er Workings . — Other rocks in the district arc also of 
economic importance, though in a less degree. The schist 
which forms the floor on which the later deposits were laid 
down 18 occasionally used for building walls and fences — a 
purpose for which its flaggy nature renders it suitable. The 
basalt which forms the cap of the hills is quarried and used 
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for road-metal. In the early days of the diggings in Otago, 
the discovery of gold to the north near Lake Waihola caused 
a rush to set in tluther, but it soon passed on, as the gold ivas 
not present in payable quantities. 

Fadure to recognise the Nature of the Phosphate , — It has long 
been considered possible that deposits of phosphate of lime 
should occur in this neighbourhood. It is stated that 8ir .James 
Hector, then Director of the Geological Survey, believed that 
a careful search would reveal the presence of rotL-phosphate. 
Those who did search for it seem to have looked only for 
dark-coloured coprolite-deposits. Massive outcrops of rock-phos- 
phate, some 20 ft, high, are plainly to be seen at several places. 
The manner in which the deposits escaped recognition now 
seems marvellous. A specimen of the phosphate was to be seen 
in the Otago Museum, labelled “ decomposed limestone from 
Clarendon.” The hme-burners found that the “ decomposed 
limestone ” crackled loudly in the kiln, and would not burn 
as it should have done. They sent a sample to their analyst, 
who estimated the calcium -carbonate in it , finding it low, he 
reported that the limestone was of poor quality, and not worth 
burning : he did not dream of testing for phosphate. One of 
the hme-burners, however, persisted in burmng the decomposed 
along with the fresh limestone, and though he apparently used 
poor material for his work, still, the lime he produced gave 
just as good results to the farmer. 

Discovery of the Phosphate. — Meanwhile, Mr. Ralph Ewing, 
of Whare Flat, Dunedin, had been travelling in America, and 
had inspected the phosphate-deposits of Florida. Returning 
to New Zealand, he speedily realised the true nature of the 
“ decomposed limestone,” and in June, 1902, he announced his 
discovery. Then the hme-bumer and the farmer understood 
why the poor hmestone made just as good a land-manure as the 
ordinary limestone. 

In the neighbourhood the discovery naturally excited keen 
interest, and now the apparent reluctance to recognise the de- 
posits of phosphate was succeeded by a great eagerness op the 
part of some of the landowners to discover them on their pro- 
perty. One farmer had heard that some of the phosphate is 
white and soft In his fields there was a white, soft clay, formed 
by the weathering of the mica-schist which lay all aroimd : he 
jumped to the conclusion that his “ find ” was phosphate. After 
some days (spent largely in receiving the conpatulations of his 
less fortunate neighbours) he sent a sample to an analyst: his 
hopes vanished. Another landowner had heard that some 
phosphate was hard and flinty— so was a quartsite which lay 
in abundance around his house ; he likewise drew a conclusioD 
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of hifl own. And yet a third thought that a reddish clay on his 
property might prove to be a red vanety of the eagerly sought 
rock the clay was due to the weathering of a basalt rich in 
iron. 

Previous Jnvestujatnm avd Literature — The district has been 
exceptionally free from geological investigation, and until the 
discovery of rock -phosphate attracted little attention. In 1862 
Dr. Lauder Lindsay is reported to have delivered a lecture 
on “ The Oeologv of the Tokornairiro and Clutha Distncts,” 
and to have mentioned the limestone at Millburn. I have been 
unable, however, to see an account of his lecture In the Report 
of the Cieological Survey for 1873* the calcareous sandstone 
of Waihola Gorge ” was mentioned, but no description was 
given. In 1875 Captain F. W. Hutton gave a passing notice 
to the l^estone of Millbumf ; he mentioned the occurrence 
of “ an i^lated patch of limestone on the side of the road at 
Waihola Gorge ” , he noticed the occurrence m it of Osirea 
mdlerstorfii and Linm Iwidgata, Sir James Hector travelled 
through the district, but apparently saw nothing worth men- 
tioning. In his “ Outlines of New Zealand Geology there 
is no reference to Millburn or neighbourhood. In 1902, soon 
after the discovery of the rock-phosphate, Professor James Park§ 
visited the locality, and his report on the geology of the phos- 
phate-deposits, published in 1903, was the first systematic de- 
scription of the geology of this district. 

Physical Geography . — To the south of Dunedin there is a 
line of coast-hills, varying in height from 600 ft. to l,4(X)ft. 
Shut off by these hills from the sea are two long, somewhat 
narrow plains — the Taieri and the Tokornairiro-- along the length 
of which run the mam road and the Main Trunk Railway. The 
drainage of these plains finds an outlet to the sea through nar- 
row gorges in the coast-hills. On the western side of the plains 
the hills rise abruptly, but between Clarendon and Millbuin they 
jut far out towards the east, separating the two plains from each 
other, and forming the Waihola Gorge — the former name for 
Millburn. It is at the base of the protruding part of these 
western hills that the rock-phosphate mostly occurs. On the 
southern (Millburn) side of the gorge the hills rise sharply at 
first till the crown of the spur is reached, and then the spur 
runs in a north-west direction, attaining its greatest height at 
the Trig. Q. From the trig, another long spur runs down in an 


♦Report Geological Survw N.Z. (1873-74): Progress Report xm. 
t Captain Hutton, ** The Geology of Otago ” (1876), p. 48 
t Sir J, Hector, ** Outlines of Zealand Qeolo^ (1886). 

{ Profeesor James Park, Trans. N.Z. Inst. (1902), vol. atxxv, p 391 

16— Trans. 
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easterly direction on the north boundary of the district, reaching 
the plain op]) 08 ite Cemetery Hill. Between this spur and the 
former one the hills descend somewhat more abruptly to the 
plain. In the neighbourhood of the gorge a small cross-spur 
runs northward parallel to the road , the western flank of this 
spur was the site of the original discovery of rock-phosphate, 
and is now the scene of the greatest activity in the quarrving 
of the rock 

Formations ok the Distric’t. 

7. Rock-phosphate Secondary origin Recent. 

6. Sandstone Secondarv origin . Recent 

5. Alluvium . Pliocene. 

4. Basalt Oamaru formation Lower Tertiary. 

3. Calcareous senes . . Oamaru formation TiOwer Tertiary. 

2. Grits and con- 
glomerates Lower Tertiary. 

1. Foliated schist . Kakanui formation . . Silurian (or older). 

Summary . — The basement rock of the distiict consists of 
the foliated mica-schist which constitutes the greater part of 
the Province of Otago On this basement thin patches of grit 
and conglomerate are irregularly distnbuted. Above these 
come glaucorute sands, which gradually merge upwards into 
the limestone as they become less and less glauconitic. Above 
the limestone, which lies practically horizontal, there occur 
in various places a brown sandstone and jiatches of rock- 
phosphate, usually occurring together , their outcrops roughly 
follow the contour-lines, but rise towards the nort/h-wesl along 
with the limestone. Tn many places the limestone is absent, 
the rock- phosphate then resting directly on the glauconite 
sands. The sandstone and the rock -phosphate are confined to 
the outer margin of the limestone, and do not extend beneath 
the basalt-flow which caps the western hills and forms t)C(*asional 
outliers on the hills of the eastern side. The low-lying portions 
of the schist, are covered by the alluvium of the Taieri and the 
Tokomainro Plains. 

Schists. 

Character of the Schut . — This rock may be properly termed 
a “ chlontoid mica-sclnst.”* Tn the hand-specimen muscovite 
is clearly seen along the foliation planes, hut under the micro- 
scope it IS scarcely ajiparent, the rock being then seen to con- 
sist mainly of alternating folia of chlorite and quartz The 
quartz often surrounds fibrous masses of chlorite, which are 
elongated in a direction parallel to the plane of foliation. Rutile 


RosenbuBch, “ Elemente der Gesteinlehre/’ p. 517. 
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iH in many places fpiite abundant as inimito inclusions in tbe 
r|uartz, mostly as stunt prisms, but also as long narrow ciystals. 
Manv of the <juartz crystals show by thoir undulose extinction 
that the rock has been subjei ted to great strain, the folia 
occasionally are < ontorted and puckered, })ut this character is 
not frecjuently obseived. 

Occurrenre -Foi a rock of such a great age the schist lies 
yery flat, the ayerage dip being about 10® in a west(‘rly direction 
(W. 10, N 10) The difTerence in the di]>K la^tween the schists 
and the oyerlying limestone affords the only eyidem e of the 
unconformity that exists })etween these foirnations Near Kiln 
Point th(‘ H( hist IS traversed by two sets of approximately vertical 
joints which strike N. W. and S. 13® K and W 22® N and 
E 22® S respectively. The schist contains no trace of organic* 
remains Tin* hills on tin* east of the gorge are composed en- 
tirely of sc’hist , on the Nvestern side it is found outcrop]ung 
from beneath the limestone in a few localities, as at the base 
of (Vmetery Hill, between (Vmetery Hill and Kiln Point, and 
near Sutherland’s (juarry The schist forms the basement rock 
of the district, and to the north-west of the Trig. Hill it passes 
out from beneath the overlying formations and extends west- 
ward throughout the greater part of Otago. 

A(fe, Within the district we get no information as to the 
age, except that it is older than the limestone , it foims part, 
however of the foliated schists of Otago, which Hir James Hector* 
in 1875 considered as a Kakanui formation of Upper Silurian 
age. In 1872 Captain F W Huttonf conBider<;d them as a 
Tuamarma formation, but in 1875J he considered them identical 
with the Upper Silurian Kakanui formation of Hector. In 

1885 Captain Hutton^ classed the Kakanui formation as the 
lower part of the Takaka system, and thus of Silurian age. In 

1886 Hector|l considered that they were the result of the meta- 
morphism of Silurian and even younger rocks. In 1891 Hutton, 
as the result of a more complete investigation, revised his former 
opinion and stated that they were of Archaean age. In 1896 
Hutton repeated his former assertion, that they were Archa'an, 
Professor Park refers the schists to the Silurian. Thus the geo- 
logical age of the schist is dubious, the authorities on the subject 
being unable to agree os to whether it belongs to the Archican 
or to the Silurian. 


♦ Hector, Quart. Joum. Geol. Soc (1865), vok xxu p 128 
t Hutton, Ron. Gnol. Explor. N.E. (1872-73), p. 31 
X Hutton, “ Geology of Otago’* (1876), p 32. 

§ Hutton. Quart. Journ. Geol. Soc. (1885), voL xh, pp. 194, 198. 
II Hector, “ Outline of New Zealand Geology ” (1886), p 83. 

1[ Hutton, Trans. N.Z. Inst. (1891), yol. xxiv, p. 368 
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Oriis and Conglomerates — The grits are tabloidal or flaggy in 
structure, and arc composed of angular grams of quartz cemented 
by iTon-oxide — hmomte Under the microscope the quartz- 
grams are seen to possess the same characters as the quartz- 
crystals of the subjacent chloritoid mica-schist — rutile needles, 
chlorite inclusions, and sometimes undulose extinction ; musco- 
vite 18 also seen in the grit. The quartz-grams of the grit have 
been derived in past geological times from the disintegration of 
the schist In the conglomerate the quartz pebbles are well 
rounded, and as much as 0 75 in m diameter. No fossils have 
been found in either grit or conglomerate 

Those beds are seen only occasionally, as the surface-soil 
hides their outcrop ; it is unlikely, however, that they attain 
any great thickness They may be seen in two small cuttings 
on the road near Sutherland’s farm (west of the Millburn hrne 
quarry) ; they are also seen north-west from there on the lulls 
111 the schist country, and again they are seen north of Kiln 
Point As seen at these places the thickness of the beds is never 
more than 1 ft., but near Sutherland’s farm there are surface 
boulders of conglomerate 2 ft. and 3 ft. m diameter. These beds 
are more extensively developed ten miles to the south of Mill- 
burn, in association with the coal-seams of Fortification. 

The only evidence of the age of the grits in the district is 
the fact that they underlie the calcareous limestone which is 
part of the Oamaru formation As m the case of the schist, 
we must go outside the district to determine their age In 
1875 Hutton'^ considered the coal-grits, of which the Millburn 
grits are part, to belong to his Oamaru formation, of supposed 
Oligocene age. In 1880 Hectorf considered the “ island sand- 
stone, forming the cover of the most important coal- bearing 
formations of New Zealand,” as part of his Upper Greensand, 
of Lower Eocene age. In 188G HectorJ considered the island 
sandstone as part of his Cretaceo-tertiary system, comprising 

f ractically all the coal-measures of New Zealand. Professor 
*ark in 1902 referred the grits to the base of the Oamaru for- 
mation, which he placed in the Upper Eocene. 

Calcareous Series. 

Occurrence . — The calcareous senes follows the grits and con- 
glomerates in conformable succ^ession, the different members of 
the series being quite conformable to one another. Over most of 


•Hutton, “Geology of Otago” (1875), p. 47. 
t Heotor, “ Corals and Bryozoa of the Neozoic Period in New Zea- 
land*’ (1880), by J. E. Tenison- Woods ; Pwrf., p. vi. 

} Hector, “ Outline of New Zeai^d Geology “ (1886), p. 59. 
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the district they ho almost horizontal, though a slight inclination 
towards the south is noticeable on comparing the altitudes of 
the outcrops at different points. As the outcrop recedes from 
the plains, however, it becomes more and more elevated : this is 
best seen on the western outcrops, where the limestone rises 
300 ft in a horizontal distance of a mile , at the highest outcrop 
the dip 18 seen to be 8. 42^, E 8® On the east side of the road 
the calcareous strata dip steeply towards the schist, the dip 
varying from 15*^ to 45® in an easterly direction (E. 10® 8 ) There 
are three sets of well-developed joints, which aid the quarryman 
greatly in his work. 

Tlie top of the calcareous series has a very irregular surface 
of projecting pinnacles and deep depressions, which have been 
formed by the action of percolating waters containing carbonic- 
acid gas (COj) ; these have carried away the calcium-carbonate 
in solution, the greatest action having taken place along those 
channels where the percolation was strongest. As the mode of 
weathering throws considerable light on the question of the origin 
of the rock-phosphate, 1 will not describe it fully until discussing 
the origin. 

MiUburn Qmmj . — The caloaieous rocks are well seen in the 
Millburn quarry. The sequence of the various bands here was 
worked out in full, as I hoped to find a similar sequence in the 
other limestone outcrops of the districts. A general but not an 
exact resemblance was found; and I publish here the result of 
this work, in the hope that future workers may be aided by it 
in attempting to trace the sequence of the various bands in this 
district, and perhaps also in other districts. The typical sequence 
consists of the following, starting from the top : — 

H (30 ft.). Siliceous limestone with glauconite-grains through* 
out ; Brisaus (Meoma) crawfordi the chief fossil. 

6 (3 ft.). Hard limestone, less siliceous than H, with few 
fossils and no glauconite-grains. 

P (2 ft.). Hard tough limestone, fairly siliceous . Ostrea 
louUeratorfii in abundance. 

E (6*5 ft.). Tough limestone with MageUania ainuata. 

D (3 ft.). Very pure knubbly limestone, with broken flag* 
mentii of shells of Brachiopoda, 

C (42 ft.). Pure white limestone, with Brisaus (Meoma) craw* 
fordi, Pecten hochstetten^ and remains of vertebrates. 

B (35 ft.). Limestone, pure at first, but becoming more and 
more glauconitic towards the base, where it merges 
into A. 

A. Unknown thickness of glauconite sands, with very few 
well-preserved fossils. 
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Band //—From the top of the pinnacles of the quarry to 
about 30 ft below the rock consists of a limestone (lontaimng an 
appreciable quantity of sand -grains and a few glauconite-grains 
On treating a fiagmeut of the rock with cold dilute hydrochloric 
acid (HCl), and examining under the microscope the finer residue 
which passed through a 90-me8h sieve, the insoluble matter was 
seen to consist of grains of quartz, Innonite, and glauconite 
One very interesting grain was thus isolated ' it was a rock- 
fragment which originally had consist^^d of two well-developed 
crystals, one of plagioclase, the other of hornblende The grain 
had been derived from a holocrystalline rock of very probablv 
diontic aflinity. It is interesting to note that nowhere near the 
district IS there now to be found a rock capable of furnishing 
such a gram A partial analysis of the limestone gave . — 

Insoluble gangue 5 50 

♦Phosphoric acid 0*15 

Not determined 94 35 

100*00 

♦Equivalent of calcium-phosphate, C^a 3 (P 04)2 0 33 

This band contains a large number of fossils, of which Brissns 
{Meoma) crawfordi is tlie most common The following fossils 
were identified from this band (1) Nodosana subsimilts^ Siach(5 , 
(2) Cnstellaria rotulata, Lamarck ; (3) Textnlaria agglutinam (?), 
d’Orbigny, (4) hexactinelhd sponge; {^) Graphulana rdnnm 
McCoy , (6) Actinometra, sp. , (7) (hdansy sp. ; (8) Echinus emjsix^ 
Hutton ; (9) Brissus (Meorna) crawfordi^ Hutton , (10) Lioihy- 
rina gravida, Suess ; (11) MageUania lentietdaris, Deshayes ; 
(12) Pecten fisheri, Zittel , (13) Peaten hochsteiten, Zittel 

Band G , — This consists of 3 ft of a hard siliceous limestone 
— less siliceous, however, than H, and with no glauconite-grains 
The laminse arc close together, and the only organic remains to 
be seen are fragments of shells 

Band F —This band, which is only 2 ft. thick, is markedly 
siliceous, and splits with difficulty Ostrea umllerstorfii is con- 
fined to this band, and is very conspicuous. The fossils identified 
were (1) Liothyrina gravida, Suess, sp. ; (2) Ostrea wuUerstorfii, 
Zittel. 

Band E. — This is a tough limestone, 6^ ft, thick, with the 
laminae somewhat indistinct. It is speckled with glauconite, 
especially in its lower portion; in the latter I came across a 
small coprolite, rich in phosphate of lime. The conspicuous 
fossil of this band is Magellama sinuataf the others being but 
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rarely found, those identified were (1) MageUama sinuata, 
Hutton ; ( 2 ) Peeten hochstetien, Zittel ; (3) Pecten wdliamsoni, 
Zittel ; Scalarm hroivm , 7Att(A , (5) Scalarm lyrata, Zittel, 

Band D — This is a rough knuhbly limestone, 3 ft thick, 
which in general appearance looks very much like a coarse con- 
glomerate, with limestone pebbles and matrix. The pebbles of 
this conglomerate are about 3 in. in diameter, and slightly 
rounded , they consist of a pure white limestone, probably 
identical with that of band C The limestone forming tin* 
matrix of these pebbles is less pure and is freely speckled witli 
glauconite ; it resembles the hmestone of band B, immediately 
above. The junction of this band with the subjacent C is not 
so clearly defined as its junction with the overlving E It forms 
a strongly marked band around the faiie of the quarry, and has 
a slight dip ( 0 ^ 43' in a direction E 9"^ N ). 

In former times, after band C had been laid down, it would 
seem that it had been raised to near the level of the waves, which 
pounded fragments off its upper surface, rounded them, and 
spread them evenly out Afterwards, conditions having changed, 
the coral mud which now forms baud E was deposited over the 
area , it first filled up the spaces between the rounded fragments 
and then spread itself over them to a depth of 6 J ft. The only 
fossil traces found in D consist of fragments of the shells of 
Brachwpoda This band is also distinguishable in Wilson’s 
quarry, but is not so clearly marked 

Band C — This is the principal band at the Millburn quarry, 
where it extends 42 ft. upward from the floor It is regular!} 
laminated, the lamince being from 2 in. to 5 in. apart. When 
freshly quarried the laminso often show a faint pink or greenish 
tint, which rapidly disappears on exposure An analysis of this 
limestone gave the following — 

Insoluble gangue . . . . . 2*21 

Lime (CaO) . . . . ., 54*12 

* Carbon-dioxide (CO 2 ) .. . ..42 86 

t Phosphoric acid (P 2 O 5 ) . 0*018 

99 208 

Equivalent to — 

♦ Calcium-carbonate . . .. 97*41 

t Calcium-phosphate . . . . .0 039 

The following fossils were identified from this band : 
(1) Nodosaria subsimilis^ Stache ; (2) Crisidlaria rotidata, La- 
marck ; (3) Texlidana agglutinam (^), d’Orbigny; (4) Cidana, 
sp. ; ( 6 ) Brissm (Me^ima) orawfordi^ Hutton ; (6) Serpula, sp. ; 
(7) Magellania lenticidarisi, Deshayes; ( 8 ) MageUama sinuata. 
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Hutton ; (9) MaqeManm marshaUi, nov. Bp.* ; (10) Cuc^Mea (dta, 
Sowerby ; (11) Pinna disians, Hutton; (12) Pinna neozdanica, 
Gray , (13) Pecten heetkamt, Hutton; (14) Pecten chathainemns (?), 
Hutton; (15) Pecten diffluxus, Hutton; (16) Pecten fiitchen, 
Zittel ; (17) Pecten hochsieiten, Zittel ; (18) Pecten unUtamsoniy 
Zittel , (19) Ldma coloratOy Hutton; (20) Creptdnla {Janacus) 
ungnifornmy Lamarck, (21) Natica callosa (*), Hutton; (22) 
Vduta, sp , (23) Notidanus gigas, SiBinonda , (24) Odontaspis 
incurva, Davis, ap. ; (26) lAimna (^) lanceolatUy Davis , (26) 
Lamna, sp ; (27) Oxyrhina von haastii, Davis ; (28) Trygon (?) 
ensifer, Davis ; (29) Squxdodon graldoupi ('G, Pedroni 

Band B, — As we descend from the base of the pure white 
limestone 0 the rock becomes more and more glauconitic, and 
less and less calcareous, till it passes gradually into the glau- 
conite sands A, 36 ft. below. The transition is very gradual, 
and no definite line can be assigned as the junction between 
the pure limestone C and the glauconitic limestone B. Planes 
of stratification are well marked in tins band, the laminap being 
horizontal and about 3 in. apart. Tins band is not quarried, 
as the large proportion of glauconite renders it of inferior 
quality. 

The fossils identified in this band were — (1) OrhUoliteSy sp. ; 
(2) Cristdlana rotulata, Lamarck ; (3) Texttdana agglutin- 
ans (^), d’Orbigny ; (4) CulanSy sp. , (5) Serpulay sp. , (6) Pec- 
t£n dijfluxusy Hutton ; (7) Pecten hochsteUeriy Zittel ; (8) Lima 
coloratay Hutton ; (9) Odontaspis incurvay Davis, sp. ; (10) 

Lamna (?) lanceolata, Davis ; (11) Carcharodon auriculatuSy 
Blainville. 

Band A , — This, the glauconite sand, is composed of small 
rounded grains of glauconite with an admixture of quartz and 
calcite. It is devoid of stratification, and its thickness could 
not be determined. 

♦ MageUania imrahaUi, — I^ength, 2 m. ; breadth, 1 *95 in. ; height, 
0*80 in Shell orbicular, smooth or with a few ooncentrio markings near 
the margm ; margins even ; valves equally convex ; beak BoUd, slightly 
curved and laterally keeled ; foramen complete and of moderate size ; 
deltidium large, conspicuous, and formetl of t^o plates ; loop elongated 
and reflected; medial septum of dorsal valve very prominent. This 
s^ies is most closely allied to Jlf. ccrmntricay which Hutton (Cat. Tert. 
Moll N.Z., p. 35) describes as “ shell oval, concentrically striated , . . 
len^h, 1*65 in ; breadth, 1*30 in. ; height, 0*80 in.** AT. mwrshaUi differs 
in being orbicular and flatter m shape, and in not having concentric stria- 
tions over its whole surface. The only other described species to which 
M, fnarahaUi is at aU similar is if. hntkmmay from which it is distinguished 
by the characters of beak and foramen, which in the latter are beak 
small, recurved; foramen very small,” This is a hitherto undescribed 
species, and I have much pleasure in naming it if. fnarahaUiy after Dr. 
Marshall, of Otago University. 



Andrew, — On the Clarendon Phosphate-deposits. 457 

The following fossils were identified in this band, but the 
specimens collected were very much weathered and mutilated 
(1) Serpida, ap. , (2) Venus ohlonga (^), Gray, (3) Dentalium 
memteUxy Zittel ; (4) Turbo granosus (?), Lamarck. 

Professor Park*** separated the calcareous series at Mill- 
burn into (a) limestone, (h) glauconitic sandstone. As stated 
above, however, the glauconitic limestone B affords such a 
gradual and complete transition between the two that it seems 
hardly possible to say where the glauconite sand ends and 
where the limestone begins. Hence I have thought it better 
to consider the sand as forming the termination of the cal- 
careous series. 

Olauconite or CUorxte ? — Dr. Maclaunn.f of the Colonial 
Laboratory, in publishing an analysis of a sample of limestone 
from this quarry, and apparently from the upper part of band 
B, describes it as “ a whitish limestone dotted with a large 
number of greenish- black particles (chlorite).^’ Professor ParkJ 
had before this described the mineral as glauconite. I isolated 
a small quantity of the mineral and made a partial analysis 
of it, as under — 

Silica . . . . . . 49*41 

Water (combined) , . . , . . 10*20 

Not det/ermined . . . 40*39 


100*00 

According to the analyses of different samples given by 
J. D. Dana,§ the amount of silica in chlonte (penninite) lies 
between a maximum of 35*31 per cent, and a minimum of 29*89 
per cent. The mineral cannot therefore be chlorite (penninite) ; 
not is it possible for it to be any other member of the chlorite 
group of minerals, for stilpnomelane contains the highest per- 
centage of silica, and that amount never exceeds 45*61 per cent. 
On the other hand, the published analyses of glauconite show 
an amount of silica ranging from 46*58 to 52*86 per cent., and 
in the mineral we are oonsidenn^ we find 49*41 per cent.— well 
within these limits. Again, paying attention to the amount of 
combined water in the minerals, we obtain further proof that our 
mineral is glauconite and not chlorite. In chlorite (penninite) 
the amount of water ranges between 11*74 and 16 per cent., 
both figures being higher than that found with the Millburn 
mineral. The analysis confirms Professor Park’s determination. 

* Professor James Park, Trans. K.Z. Inst. (1902), vol. xx^v, p. 894 
t Maolaurin, 86th Ann. Bep, CJol. Lab. (N.Z.), 1908, p. 9. 

I Professor James Park, Trans. N.Z, Inst. (1902), vol xxxv, p, 894. 

I J. I). Dana, ** Systein of Min^^ogy,” pp. 683, 658, 6^. 
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The appearance ol the grams under the microscope is that 
of glauconite, not cliloiite They are rounded, and green- 
coloured with a tinge of vellow, with a faint scarcely percep- 
tible pleochroisni In a few of the sections examined the 
mineral is seen hllmg the chambers of (Jriste/laria rotulaia. 

Aqe oj the Serie-h. — All the species that are found fossil in 
the clistrict occur at the Millburn quarry. They shoi^ that 
this series should be correlated with the Oarnaru formation.*^ 
Out of the thirty-five species which I determined at Millburn, 
thirty had been described from the Oarnaru formation in other 
districts. As to the geological age of this Oarnaru formation, 
opinions arc divided. In I86f) Dr. Mantel), Professor Morns, 
and Professor K Jones considered it either Eocene or Upper 
Cretaceous In 1865 Dr Hectorf considered it Miocene. In 

1865 Dr. Zittel and Dr. Rtache considered the northern equi- 
valents of this formation as Oligocene or Upper Eocene. In 

1866 Hector split up the formation, calling some Upper Plio- 
cene, some Lower Pliocene, and some Miocene. In 1870 
HectorJ considered the Oainaru rocks as Upper Tertiary ; 
the Waitaki, Tokomairiro, Caversham, and Wakatipu rocks as 
Lower Teitiary. In 1871 Hector§ placed the Oarnaru forma- 
tion as the closing* member of his Cretaceo- tertiary system. 
In 1872 Hutton considered the Waitaki and Wakatipu mem- 
bers as Lower Oligoccne, and the Oarnaru, (Caversham, &c., 
members as Upper Eocene. In 1875 Hatton|| considered it 
doubtful whether the Oarnaru formation was Upper Eocene 
or Lower Miocene, but he inclined to the latter belief on ac- 
count of the preiieiice of foims such as Carcharodon megalodon. 
In 1879 Von Haast^ considered it Upper Eocene. In 1880 
Hector** called it Upfici Eocene, and has kept to that opinion 
ever since. In 1885 Huttontt eonsidered it Oligocene, and has 
repeated that opinion. In PJ02 ParkJJ referred it to the Upper 
Eocene. 

The question of age thus seems to be narrowed down to an 
issue between the closely allied Upper E(K;ene and Oligocene, 
with high authority supporting each opinion. 

* Hutton, ** Geology of Otago” (1876). p 40. 
t Hector, Quart Journ. Gcol 8oc (1805), vol, 4, p. 128. 

I Hector. ‘‘ Catalogue Colonial MuHcum ” (1870) 
f Hector, Trans. N Z. Inst, (1871). vol iv, p. 246. 

Ij Hutton. ” Geology of Otago ” (1876). p 54, 

Von Haast. '‘Geology of Canterbury and Westland” (1879), p. 316. 
Hector, Preface to Tenison-Wood’s ” Corals and Bryo*oa of New 
Zealand ” (1880), ui ; ‘‘ Outline of New Zealand Geology ” (1880), p. 63. 

if Hutton, Quart. Journ Geol Soi‘. (1886), vol xli, pp. 194, 206; 
Trans N.Z. Inst. (1899), vol. xxxii, p 169 

tX Park, Trans. N.Z. Inst. (1902), vol. xxxv, p. 893. 



Andrew. — On the Clarendon Phoi>phate-depostts 459 


Basalt. 

Occurrence, —The basalt sheet overlies the calcareous senes 
and forms the cap of the higher hills. It is practically con- 
tinuous on the west side of the main road, running down from 
the Trig. Q to the lower levels. Outliers occur at (Cemetery 
Ilill, Kapiti, and behind Htrain’s farm. Beneath Tng. Q it 
must be at least 3(X) ft. in thickness. 

Character, —The basalt is finely grained, with a sharp clean 
fracture. At Cemetery Hill it has a columnar structure with 
rude hexagonal jointing. Under the microscope the rock from 
Cemetery Hill is seen to consist of broad plates of a basic plagio- 
clase wrapping round and enclosing crystals of augitc, anoraite, 
magnetite, olivine, and serpentine. The plagioclase, which forms 
the greater part of the groundmass, is a very basic variety, 
probably bvtoumte. Augitc is the most common coloured con- 
stituent of the rock, and has the usual characters. Anomite, 
a rather unusual vanety of biotite, occurs here in irregulai 
flakes with intense pleochroism. Magnetite is very abundant 
Olivine is not at all common, and neither is its decomposition 
product serpentine T looked carefully for apatite in every 
slide, but was unable to see it; neither did micro-chemical 
tests reveal the presence of phosphorus. 

Nearly thirty slides were examined from various parts of 
the district to see if there was any variation in the basalt. Dif- 
ferences were detected, but these were not of great importance. 
At Stony Knob magnetite is not so abundant as at Cemetery 
Hill, and occurs chiefly as specks and granules, not crystals , 
anomite is less abundant ; the broad plates of plagioclase are 
not so conspicuous; while well-defined feldspar- laths with albite 
twinning become common. At Tng. Q plagioclase is abun- 
dant as minute stout lath-shaped albite twins , anomite is 
entirely absent. Near Williamson’s magnetite becomes very 
abundant ; ohvine becomes common, while the plagioclase 
is present only as albite twins , anomite is entirely absent. 
At Strain’s and near J. Gray’s farm the rock is much altered 
by weathenng : the feldspars are abundant as stout crystals , 
the augite is mostly decomposed ; the olivine is changed to 
serpentine ; and the whole mass of the rock is stained a 
yellowish - red by iron-oxide. At Table Hill, however, four 
miles south-west from Millburn, the structure changes to 
that of a fairly coarse dolerite, with labradorite as the most 
prominent phenocryst ; augite is here confined to the ground - 
mass, which contains no glass ; magnetite and olivine are 
common. 
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Chemxcal Investigation , — On treating the powdered basalt 
with dilute hydrochloric (HCl) or sulphuric (H 2 SO 4 ) acids, 
gelatinization takes place m a most proiiounce<l manner. A 
pinch of about 0*5 gramme powder was placed in a test-tube 
and covered with 0*5 m of ^ per cent. HCl. It was bnmght 
to the boiling-point and then allowed to cool ; by the time 
it was cool it had formed a thick jelly, and test-tube could be 
inverted at an angle of 45® from the vertical ; five minutes 
later it could be held upside down without any movement 
of the jelly taking place. To the hot solution obtained by 
boiling the powder with HCl, H 38 O 4 was added ; part was 
allowed to stand for some days, when a quantity of gypsum 
needles were thrown down ; part was at once evaporated to 
dryness on a glass shde, and crystals of gypsum and hahte 
were then detected under the microscope. 

A sample of the powder was next boiled for five minutes 
with dilute HCl, filtered and well washed ; the residue con- 
tained colloid silica, which was dissolved by boiling for fifteen 
minutes m strong KHO ; this residue was then filtered and 
washed, and the filtrate evaporated to dryness Each of the 
three portions thus obtained was separately analysed, with the 
following result : — 



Insoluble in HCL 

Soluble m 
KCl 

Solution. 

Insoluble m 
KHO 
Ganguo 

Soluble in 
KHO 

Colloid Sihoa. 

Silica 

22-74 

17-36 

6-62 

Alumina and iron . . 

9*05 


23*10 

Magnesia . . 

2*85 


6-42 

Lime . . . . 

519 


4-42 

Soda . . . . 1 

2*40 


0-79 

Potash . . . . 

1*06 


0-26 


43*29 

17-36 

40-50 


Total « 101-16 


The powder that was not dissolved by the HCl was found 
under the microscope to consist of augite and a little magne- 
tite, so that the minerals which dissolved so readily were plagio- 
claae, olivine, and magnetite. 
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The results of analyses of the basalt ate as follows — 




2 

3 

4. 

5 

8iO, 

42- 19 

46-02 

44-91 ' 

44-04 

46-62 

TiO, 

0 87 

0*87 

0 87 

0-87 i 


AljO, 

1800 

17-78 

17-69 

17 79 ' 


FO 2 O 3 

773 

6-61 

8 07 1 

7-47 

32-16 

FeO 

8 67 

8 72 

9-08 

8 82 


MgO .. ! 

7-06 

6 29 

6-41 ; 

6 59 

9*27 

CaO . . 1 

9 27 

8-76 

7-88 

8-64 

9-61 

Na^O 

3 15 

3-82 

3-37 

3-45 

3-19 

KjO 

105 

1 16 

1 58 1 

1-26 

1-31 

HjO .. 1 

136 1 

1-67 

i ^ 

1-49 

0-20 


99-34 

100-60 

101 32 1 

100-42 

j 10135 


1. From Stony Knob 2 From Stony Knob • SO « 2*967. 3 From 
Stony Knob. 4 Average of 1 » 2, and 3 6 Cemetery Hill : sum of re«nlt« 

of the last table. (Only one estimation of TiOg was made.) 


These results show that the basalt is 2 or 3 per cent, poorer 
in CaO than a normal basalt, but otherwise it coincides fairly 
closely with standard analyses, such as those given by Rosen- 
busch.* 

Age of the Basalt . — Captain Huttonf considers that toward 
the end of his Oamaru formation great volcamc activity took 
place in the neighbourhood of Dunlin, resulting in the basalts 
at, inter alia^ “ the head and both sides of Waihola Lake.” This 
flow is connected with the basalt-flow at Clarendon, and we may 
consider the latter as belonging to the close of the Oamaru for- 
mation, and thus either Upper Eocene or Oligocene. There is 
no evidence in this district to show what interval of time elapsed 
between the deposition of the calcareous series and the extrusion 
of the basaltic flow. Captain Hutton does not give the evidence 
on which he bases his opinion of the age of the eruptive rocks 
round Dunedin ; he does, however, show that the volcanic ac- 
tivity at Oamaru was of this age. Professor Park mentions that 
the basalt rests on the mica-schist, and on different members of 
the Oamaru formation, which was elevated and denuded prior 
to the emission of the flow. For this reason he places the erup- 
tion of the basalt m the Upper Miocene or Pliocene. 


* Rosenbusoh, ** Elemente der Gesteinlehre,’’ p. 322 

t Hutton, “ Geology of Otago ” (1876). p. 56. 
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Alluvium and Sandstone. 

Alluvium . — Over the low-1 ving parts of the district the alluvial 
deposits of tlie Taien and Tokornainro Plains overlie the foliated 
schist , their thudcness must be considerable, but it ciould not be 
determined in this district Captain Hutton considers the allu- 
vium of these plains as of Pliocene age 

Sandstone — At several parts of the district a brown sand- 
stone IS found above the bmestone. It outcrops clearly in two 
places at J Gray’s farm, and on the western hill whuih juts 
out to form Waihola Gorge , elsewhere the sandstone reveals its 
presence only by loose boulders on the surface Professor Park* 
considers that this is an origuial formation, deposited in shallow 
water on top in succession to the limestone. Ho savs, “ From 
the upper surface of the limestone to the basalt cap there is an 
interval of 120 ft to 150 ft , apparently occupied by a yellowish- 
brown sandstone, the character and disposition of which could 
not be ascertained on account of its outcrop being obscured by 
a heavy slope deposit of black earth mixed with sand. In the 
Oarnaru and Wcka Pass districts, where the sequence of Lower 
Tertiary strata is very complete and characteristic, the Oarnaru 
and Weka Pass calcareous sandstones, which, as we have seen, 
are the time-equivalents of the Millburn limestone, are followed 
quite conformably by the Hutchison quarry or Mount Brown 
beds, which consist of yellowish-brown calcareous sandt^tone con- 
taimng a rich assemblage of marine forms This overlying series 
18 so closely associated with the Oarnaru scries that it cannot bo 
regarded as a separate formation, but only as the closing horizon 
of the Oarnaru series itself Until something more definite is 
ascertained about the sandstone lying above the limestone 
on the Horse-shoe Estate, it may be correlated with the Hut- 
chison quarry honzon of the Oarnaru formation.” 

A careful examination of the district has led me to differ from 
the above views of Professor Park, and has forced me to believe 
that the sandstone was not laid down as sandstone, but that it 
is a secondary deposit, formed, where conditions were favourable, 
from the weathenng of the subjacent limestone. When the 
limestone weathered away, the quartz-grains in it were left be- 
hind and formed sands, which were afterwards cemented together 
by iron-oxide to form a compact sandstone. The following are 
the reasons which have induced me to differ from Professor 
Park’s views, and to advocate the theory of a secondary origin : — 

1, In this sandstone we do not find several features which 
we ought to find in a normal sandstone deposited in shallows by 


♦ park, Trans. N Z. Inst. (1902), vol. xxxv, p 896. 
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ruiming water, or spread over a land-area by torrential rams 
(a ) No traces of stratification, false bedding, npple- marking, &c., 
are to be foiuid {b ) Tlie joints are poorly developed and not 
at all distinct (c ) No fossils whatever have been found Of 
course, many true sandstones do not contain fossils, but the Mill- 
burn sandstone has been provisionally correlated with the “ Hut- 
chison quarry-beds, which m places contain a rich assemblage 
of marine fauna,” and this fauna the Millburn sandstone does 
not contain, so far as is known at present 

2 Sandstones are relatively hard rocks, and offer great 
resistance to the agencies of denudation hence m horizontal 
stratified rocks we find sandstone bands marked by terraces and 
(diffs The Millburn sandstone is extremely hard and compact , 
had it been laid down in Lower Tertiary times, as Professor 
Park thinks, it' would now form prominent outcrops above 
the limestone Instead, we find “an interval of 120 ft to 
150 ft , apparently occupied by a sandstone . its outcrop 
being obscured by a heavy slope deposit ” The two outcrops 
that do occur are far indeed from being prominent The Mill- 
burn sandstone, then, does not form outcrops as it should do 
supposing that it was formed in Lower Tertiary times. 

3 Glauconite-grams are fairly abundant in the Sandstone. 
A normal sandstone is laid down in shallow water on the margin 
of a land-area, and does not often contain glauconite, which is 
a mineral characteristic of deposits formed in deep water. On 
the other hand, a small number of grams of sand may be carried 
out to deeper waters, where coral mud is being deposited, ac- 
companied by glauconite . this would form a limestone contain- 
ing a small amount of silica and glauconite. 

4. At the Millburn quarry I found that the depressions of 
the limestone are filled with brown sands, which are derived 
from the weathering of the subjacent limestone. Water con- 
taining carbon-dioxide has dissolved away the calcium -carbonate 
and left behind the insoluble quartz and glauconite, the glau- 
conite gradually losing its green colour as it decomposes to form 
ferric oxide That tlhiese brown sandstones have been derived 
from the weathering of the limestone is certain, for it is not 
uncommon to find patches of green s^u^ still undecomposed m 
their midst, and the latter are undo?kj|rtiedly formed from the 
limestone They are afterwards, I believe, cemented together 
by iron-oxide, derived partly from the weathering of the glau- 
conite, jjartly perhaps from ferruginous percolating waters. The 
percolating waters of this district do contain iron, as is shown 
by the occurrence of at least two ferruginous springs flowing 
from beneath the basalt cap. 
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5. The grains of the sandstone are identical m character 
with those of the top band of limestone at Millburn quarry. On 
dissolving away the calcium -carbonate of the limestone in cold 
dilute HOI, and on examining the residue, the quartz-grams of 
both limestone and sandstone are seen to be similar — the same 
shape, the same size, the same colour. Glauconite-grams occur 
in both The sandstone contains much more limonite than the 
limestone, but that is to be expected on the supposition of its 
subsequent cementation with iron-oxidc. 

6. The brown sandstone often contains a small amount of 
lime-phosphate ; often, too, as at the Millburn Company’s 
phosphate-workings, grams of sand arc cemented together by 
lime-phosphate to form a poor-grade rock-phosphate (26*87 
per cent.) Let us assume that the sandstone is a Lower Ter- 
tiary deposit, and this fact will lead us into difficulties. It 
IS not probable that the sandstone would originally be phos- 
phatic, for it contains no fossils, and a sedimentary rook, if 
phosphatic, has derived its phosphate of lime from the numerous 
animals which inhabited its seas. The limestone contained 
many fossils, and also a small amount of phosphate, disseminated 
through It, as has been shown above. The basalt, which lay on 
top of everything else, contained no phosphate. The sandstone 
then, contaimng no phosphate, lay then above the limestone, 
which alone could supply it. To-day we find that the sand- 
stone does contain phosphate How did it acquire it ? The 
percolation of water has been downward, and aw^ay from the 
sandstone ; there has been no upward percolation of water, 
nor has there been any other means of transferring the calcium- 
phosphate * and yet the sandstone has received a certain amount 
from the limestone The extreme difficulty of accounting for 
this fact suggests that, after all, perhaps the sandstone did not 
originally he above the limestone. 

There is no exposure of rooks in the district which shows 
the contact of sandstone with either basalt or limestone— a 
contact which would probably throw great light on the ques- 
tion as to whether the sandstone is an original or a secondary 
formation. But the reasons given above make me of the opinion 
that it would probably support my view if it did exist. 

Rook-phosphatb. 

(/Aarocier.— The rock-phosphate is an amorphous nodular 
deposit, found either in pockets on the upper surface of the 
limestone, or, where the fatter is absent, on top of the under- 
lying glauconite sands. When the limestone is present we 
always find the masses of rock-phosphate separated from it by 
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thin layers of clay, while thin bands of phosphatic clay are abun- 
dant among the hard nodules. The weight of these nodules 
varies from 1 lb. or 2 lb up to several tons. 

The physical and chemical properties of the roek-phosphate 
vary greatly * its colour varies from white to dark-yellow , its 
hardness from 1 to 8 , its specific gravity from 2-068 to 2-988 ; 
its percentage of contained tnbasic calcium - phosphate from 
20 (and even lower) to 80 per cent. A detailed description of 
several varieties will render this more evident — 

a (H- 6*5, 8G = 2*915) — To the eye this variety suggests 
the appearance of marble ; it is white, hard, of dull lustre, 
and contains grams of quartz and glauconite ; it is a rich 
variety, containing from 65 to 80 per cent calcium -phosphate— 

Ca3(P04)2. 

b. (H« 8, SO = 2*988). — This is yellow, finely grained, and 
ftint-like ; it breaks with a conchoidal fracture, has an enamel- 
like lustre, and often a banded character , it is high-grade, 
containing from 70 to 75 per cent Ca 3 {P 04 )j. 

c. (H ~ 5*5, 8G « 2*910). — A yellow vanety like 6, but 
coarser-grained, not flmt-like, and never with a banded appear- 
ance ; it also is of good quality. 

d. (H » 6, 8G * 2*816).— This is the very siliceous “ grit 
phosphate,” which is in fact a sandstone cemented together by 
lime - phosphate ; it often contains enclosed nodules of the b 
variety, and in places is found incrusted with hyalite, a form 
of opal ; it is poor in phosphate, containing only from 20 to 
30 per cent, Ca 3 (P 04 ) 3 . 

e. (H « 1, 8G ® 2*446),— This is a pure-white, chalky, unc- 
tuous vanety, rich in phosphate, of which it contains about 
75 per cent. 

/, (H«-l, 8G» 2*068). — This variety can scarcely be termed 
rock-phosphate, as it is only a finely laminated phosphatic clay 
which has hardened to a slight extent, and now occurs in 
irregular seams among the masses of hard rook-phosphate. 

The first four are the most common ; when they are “ bunit ” 
the iron which they contain is converted to feme oxide, which 
gives them a |>ink or reddish colour. Under the microscope 
the yellow varieties are seen to hatfe no trace of crystalline 
structure ; they ate almost opaque in thin sections, a dull-brown 
colour being transmitted only in the very thinnest places ; 
quartz and glauconite grains occur throughout. 

Analyses following table of analyses will show the 
chemical composition of these phosphates 



466 


Transaction H 


*n 

6012 

5 79 

3-41 

15*61 

1 15 

11 39 

3 72 

2 S 
© S 

iH 

gS?SS2 ^S§i 

COCOWO^ 

83 5: 

© CO 

© 

CO 

lO O cio * * CO 

CO 

*-1 © 

9 lo 

00 © 

© !>• 

w 

o 

- <? . . 9 . 

OJ OO . . • • 00 • 

CO ^ 

1 CO 

1 ^ 

lO CO . . ^ 

„ 0, • • . ^ 

to 

l> 

. 01 
$ 

, I- 

(M -H • CO 

CO 

ip P p-Jit-I-wPoS 

~ TT O5©--g0Jg 

I*“ © 

00 to 

© © 

go 

»0 >0 O Cp 

? ?? 

© (M 

S P 

00 p . «o *0 10 q> 

CO -O' ^ oi CO -j- eo • 

f'* £;• 

© CO 

1 © © 

« 

9 05 CO o 

p *' s • 

p m 

g g 

lA 

© 9 © 'ct' 9 9 . 

^ »0 ^ ' CO ^ CO • 

9 CO 

8 g 

eo 

CO CO CO 9 9 , 

i> « ’ 5§2 * ^ ^ ’ 

cp 

» p- 

© i- 

(N <N I*' 

© • 5j • ^ ^ 

9 9 

s s 

M 

S $ 

CO OcjOO.^ig-^o 

p Si 

g s 


\ S $ 3S§2^S|SS 

© CO ©g©<-HCOgCO© 

g 1 

© i> 

© © 

1 

js T3 

: : : : : 1 : 1 1 1 

1 1 1 1 , 1 1 1 1 1 1 

jr 

2’ 

■s 

1 



Andrew — On the Clarendon Phoi>})hate-depusii6 467 

Iron and Alumina large amount of iron and alnnima 
in thiH phosphate will probably eonstitute an objection to it in 
the eves of the agriculturist Alumina, when present in a 
phosphate, is combined with part of the phosphoric acid, the 
latter being thus rendered unavailable for assimilation by plants, 
and for conversion into superphosphate of lime ; this happens 
at Yorke’s IVmnsula, South Australia,* and m the Lower Green- 
sand, Englandf • iron has an effect similar to that of alumina 
Moreover, the superphosphate produced when iron and alumina 
are present is usually sticky and claggv J The Clarendon 
phosphate contains a larger amount of these objectionable iron 
and aluminum oxides than do those of most other countries, 
as will be seen from the following table It is with these foreign 
phosjihates that the New Zealand phosphate must compete, 
if it 18 to be exported to any extent 


Iron and Alumina 


Ixicallty 

Maximum 

Mimmiim 

Meau , 

Authority 


PorcontAgo 

PureuQtago 1 


Belgium 

1*20 

0*90 

! 

Penrose, 1 S Gcol Surv 
Hull 4*1, p 106. 

North Frano4* 



3 20 1 

Ditto, p 41 

Russia 

3 47 

0.32 

1 

„ ]) 40 

South (’arolma 

n-00 

I’OO 


M p. 70 

North Carolina . 
Ocean Island 

• 


0 66 

0 46 

M P 72 

Dauvois Powei, “ Mineral 
Industry,” vol x, p 623 

Pleasant Island 



0-61 

Ditto, p 623 

South Australia 

«2« 

1 

j 

IIK) 


Brown, Hep (^eol Surv 
S Alls, 3/2/1902 and 
2/7/1902 

North Wales . . 

8-86 

J 

6 89 


Penrose, U.S Geol. Surv 
Bull 46, p 83 

Upper Greensand 
(Kng.) 

12 1i 

4-61 

• 

Ditto, pp. 97, 91 

Lower (Ireensand 

8‘82 

3-36 


„ p 101 

Clarendon 

0*68 

140 

5-^4 



Excess of Lime. — There is another feature of the chemical 
composition of these phosphates which, possessing a certain 
theoretical interest, may be noted here. F. Danvers Power, § 
m his report on the Ocean and Pleasant Island jihosphates, 
says, “ As is always the case, there is an excess of lime ((^aO) 
over the acids present that aie capable of combining with it ; 
supposedly, this excess is an organic combination Whatever 


* Brovm, Rep. Govt. Geologist South Australia, 3rd February, 1902. 

t Penrose, U.S. <4eol. Survey Bull. 46, p. 102. 

I Penrose, U.S. Geol. Survey Bull. 46, p. 83. 

§ Danvers Power, ** Mineral Industry for 190L” vol. x, p. 633 
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the cause of the phenomenon, it is interesting to note that the 
Clarendon phosphate is similar in this respect to the deposits 
of Ocean and Pleasant Islands After making corrections for 
other bases in the phosphate it is found that the CaO present 
18 always greater than the CaO which would be required to 
neutralise the acids in the phosphate, thus • Ocean Island, 
the excess is 6*8 per cent. ; Pleasant Island, the excess is 6*8 per 
cent , Clarendon No 1, the excess is 2*4 per cent , Clarendon 
No. 2, the excess is 6-1 per cent ; Clarendon No. 13, the excess 
18 7 8 per cent ; Clarendon No. 14, the excess is 9 *4 per cent. 

Outcrops in the District. 

1 WiUiamsoWs Farm — The outcrop has not yet been lo- 
cated, but surface boulders and pebbles are abundant in the 
fields below the road-line at some distance above Williamson’s 

2 Kiln Point — At this, the first outcrop worked, the phos- 
phate rests on the irregular surface of the limestone, the face 
exposed being about 12 ft high. The rock is mainly the high- 
gr^e white variety, but it is mixed with brown sands and phos- 
phatic grSen sands and clays, which dimmish the average con- 
tent of calcium-phosphate to such an extent that this outcrop 
has now been abandoned in favour of the Round Hill quarry 
Rock-phosphate is exposed in a trench to the north of the point, 
where it consists chiefly of the grit variety, mixed with phos- 
phatic clays ; mammillary incrustations and cavities lined with 
phosphorite are common in the trench. 



Fao* op Quabbt at Kiln Point. 

a. Brown sands. 6. Green phosphatio sands, e, Rook^phosphate. 
d. Limestone, e, Basalt^fragments. 

A special feature of this outcrop is the presence of fragments 
of basalt, from 0*6 in. to 4*6 in. in diameter, which are imbedded 
in the middle of the rock-phosphate. They have the same charac- 
ters as the basalt which is found a few yards farther up the 
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hill, and have probably slipped down from there. They show 
clearly that the formation of the rock-phosphate was subsequent 
to the pounng-out of the basaltic lava which now caps the hills. 
They indicate, moreover, that the formation was some con- 
siderable time after that — in fact, not until the surface features 
of the district had assumed practically their present form — for 
not until a hill was formed would basalt-fragments be able to 
slip down that hill and mingle with limestone and sands lying 
at a lower level. 

3 Horseshoe Bush . — Close to the Horseshoe Bush two small 
outcrops have been exposed, but only a few tons of phosphate 
have been mined. 

4. Discovery Point . — It was at this point, opposite the pre- 
sent workings of Round Hill quarry, that the original discovery 
of the rock- phosphate was made. The phosphate here rests 
on top of the glauconitic hmestone , it has not been mined to 
any extent. 


N E 



Faos of Quarkv at Round Hill. 

b. Green phosphatio sands, c. Rook - phosphate, e. Basalt • fragments. 
/. Overburden (olay)^ g. Glauconite sands. 

5. Round HtU Quaffy.*— This is now the scene of greatest 
activity in the district. During 1902 (t.e., during the seven 
months following the discovery) between 2,000 and 3,000 tons 
of phosphate were mined from the Kiln Point and Round Hill 





470 


I'rananctions 


quarrieB,* chiefly from the latter , since then operations have 
been restricted to the Round Hill workings, but I am unable 
to quote the amount extracted The phosphate lies here directly 
on top of the glauconite sands, the limestone being entirely 
absent. At the base of the deposit there is a mass of yellow 
nodules, usually separated from each other by phosphatic green- 
sands , above this comes an irregularly undulating band of 
soft clav(*y phosphate, often containing glauconite ; above this 
again come hard yellow nodules Irregular small lumps of 
sandstone often occur amid the phosphate, and large masses 
of white phosphate, more massive than the yellow nodules, 
are frequent , incrustations of pliosphorite arc occasionally 
found The workmen often find boiH's and teeth in the clays 
and sands among the phosphate , never vet, to my knowledge, 
have they found any such organic fragment in the centre of 
the hard rock-phosphate, so that a concretionary origin round 
an organic nucleus cannot be assigned to it The bones which 
are found are in a very decomposed and broken state, and will 
rarely bear handling , thev belong to species of an extinct 
Cetacean family comprising Squalodon and Zeuglodon ; the teeth 
are tliose of sharks, and are also much broken up. Teeth 
of Cardkarodon minciiUUm and of species of a Lamna were recog- 
nised from this quarry 


N W 



Faob at Wilson’s Quaery. 

a. Brown Bands. 6. Q^oen phosphatic Ban4t. ^c. Rook^phosphat©. 
4, Limestone, 


* New Zealand Mines Report for 190^, p 24. 


V- or- 
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6 Wdson^s Quarry —The phosphate is here verv' low-^ade, 
and 18 not worked It consists of a phosphatic clay, in places 
35 ft high, which contains about 20 percent. CA^iFO^)^. De- 
siccation has caused the clav to crack irregularly, and many 
of the fissures are now being filled up with white incrusta- 
tions of phosphorite The deposit rests on the irregular sur- 
face of the limestone, and is accompanied by phosphatic 
greensands. 

7 KapUi Quarry — Phosphate is found here ; it is not 
worked, and its mode of occurrence is not clear 

8 Strain's Farm — Phosphate is reported from here, but 
was not seen by mo. 

9 Macdomdd's Outcrop — Some few tons of phosphate have 
been mined from here , it rests on the glauconite sands, and a 
face about 50 ft long and 10 ft. high has been cleared. 


N.W. 



Mji-lbitrn Phosphate- WORKINGS . Section right-angles to face, 
a. Brown sands, c. Bock- phosphate, d. Iiiinostoiie 

10. Mdlhurn Company's PhosphfUe-woi kings. — A consider- 
able amount of work has been done here. A great deal of the 
phosphate is of the grit vai’iety, but the other forms are also 
found ; incrustations of phosphorite are common. The deposit 
rests on the irregular surface of the limestone ; bones and teeth 
are found in it, among the former being the lower jaw of a Balaenid 
whale. A large surface-slip has taken place, resulting in masses 
of phosphate sliding down the hillside to a level 50 ft. below : 
these masses are easily mined, and have been worked to a con- 
siderable extent. 
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11. MtUburn Lirne Quarry . — Two boulders of phosphate 
occur here, resting on the irregular surface of the limestone. 
On the spur across the gully, north-west from the quarry, there 
IS a prominent outcrop of phosphate, which so far has not been 
worked. 




Face at Millburh Lime Quarry. 

a. Brown sandt) c Hock- phosphate d. Limestone. H. Phosphatic clay 
nodules. 

12. Cantfhdl's —Opposite Sutherland’s quarry, on the north 
bank of a small creek, there is a massive outcrop of rock-phos- 
phate, 20 ft. high, resting on the limestone ; it has not yet been 
worked 

13. QuilTa. — A few tons of phosphate have been taken 
from here, but apparently there is not much of it. 

14. J. Oray^s. — This has been worked to a slight extent, 
but the phosphate, which here rests on glauconite sands, is low- 
grade, patchy, and composed mostly of grit phosphate and 
clays. 

Qriqin of the Rock-phosphates. 

Several theories have offered themselves p eitplailning the 
origin of these deposits : they may be summed up as follows : — 

(1.) That the boulders were transported to their present 
position from a distance, by an agency suph as running water. 

(2.) That they were formed in situ, as the result of concre- 
tionary action around some nucleus. 

(8.) That they were formed tn sUu by deposition of phosphoric 
acid (PaOg ) from poending waters. 
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(4 ) That they were formed in sUu by deposition of PjOg 
from descending waters which derived their P2O5 from the 
basalt. 

(5.) That they were formed in sUu by deposition of P2O5 
from percolating waters which derived their PjOg from the 
limestone 

(6.) That they were formed in sUu by the concentration 
of the phosphatic contents of the limestone — a process due to 
ordinary weathering and the action of meteoric waters 

(7 ) That they were formed by the combined action of the 
methods outlined in the last two theories Ttus combination 
theory is the one I see most reason to support. 

1 Tramportalion Theory — This is extremely improbable. 
The phosphate boulders are separated from the limestone and 
from each other by bands of phosphatic clay and by layers 
of sand Running water would most probably have been the 
agency by which the boulders were transported, if they were 
transported at all. It is scarcely possible that a violent stream 
capable of moving a boulder of 2 or 3 tons weight would deposit 
that boulder on a thin stratum of clay or sand Much more 
likely is it that the stream would sweep away clay and sand 
and deposit the boulders on the bare surface of the limestone. 
I have not observed a single instance of this direct contact 
of limestone and rock-phosphate ; I have always found a layer 
of clay or sand between the two. Moreover, the presence of 
basalt-fragments imbedded in the pliosphate at Kiln Point is 
stiflfieient to disprove the theory, for it shows that the rock- 
phosphate was formed after, and probably a long time after, 
the extrusion of the basalt. 

2. Concretionary Theory . — It is not at all probable that the 
rock-phosphate was formed by concretionary action around 
some nucleus, in a manner analogous to the coprolites of the 
Upper and Lower Greensands of England. None of the Claren- 
don nodules have been found to contain orgamc nuclei, and the 
sharks’ teeth and other organic fragments at Round Hill, &c., 
always lie on the clays, and not imbedded in the hard nodules. 

3. Ascension Theory. — The occurrence of phosphorite and 
perhaps staifelite as stalactites and as incrustations on the 
walls of cavities suggests that an aqueous solution of phosphoric 
acid must have played, and must still be playing, some part 
in the formation of the phosphate. Could this solution have 
risen from below ? No, it could not, for in many places the 
phosphate rests on the surface of unaltered limestone, had 
the solution risen from below it would first have acted on the 
lower layers of limestone, converting the calcium-carbonate to 
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calcmm-pliosphatp, and the prooeBs would have extended 
itself upwards As we find the phosphate above and the car- 
bonate below, it IS tolerablv certain tliat the process is extend- 
ing itself downward, and is due to descending solutions. 

4 Basalt Theory — That the deposits were formed m situ 

by the deposition of PjOg from descending waters which derived 
their basalt T do not think it possible that the 

overlying basalt could have supplied the Pgllc necessary No 
phosphorus-bearing inmeral was detecl(*d in the microscopic* 
examination, and rnicro-chemical tests likewise failed to reveal 
the prc'scnce of any such mineral. 

5 Limestone Theory — That the deposits were formed bv 
the deposition of P^f^s percolating waters which derived 
their PjOg from the limestone Tt is certain that the phosphoric 
acid was derived from the limestone We have seen that organic 
remains rich in phosphorus are found in the latter, and that, 
moreover, a small amount of phosphate is distributed through- 
out its mass I think that a deposition from waters is in part 
responsible for the formation of the phosphate, but that it is 
subordinate and subsef|uent to a concMintrating action. 

6. Concentration Theory — That the deposits were formed by 
the concentration of the phosphatic <;onteiitB of the limestone, by 
the weathering action of waters containing carbomc and per- 
haps other orgaiuc aends, which dissolved out the calcmm-car- 
bonate of the limestcme, but left behind the much less soluble 
calcium-phosphate 

7. Combination Theory — That the process just outlined was 
followed by the deposition of P^Ob from percolating waters which 
Iliad leached out their P20r, from the limestone. Tlie mode of 
weathering of the limestone at the Millburn quarry lends a great 
amount of support to this view The surface of the limestone 
18 carved out into a number of deep “ guts,” leaving lofty pin- 
nacles and overhanging shelves of limestone — an appearance 
which at first suggests a striking unconformity with the brown 
sands which fill the depressions. The sculpturing, however, is 
almost wholly if not entirely due to chemical erosion. 

On the outer parts of the pinnacles, where exposed to wind 
and ram, the limestone has in many places weathered to a crumbly 
brownish sandstone, containing comparatively a small percent- 
age of CaCOg. Along the laminte the weathering has progressed 
more quickly. Isolated “ floaters ” of limestone are found in the 
middle of the brown sands ; they are blocks of limestone which 
have oficred great resistance to the weathering process, and are 
now entirely surrounded by clays and sands, in the midst of 
which, still horizontal, they seem to float. A sample was taken 
from the interior of one of these floaters, where it was least 
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weathered ; it was partially analysed, as also was a sample of 


absolutely fresh limestone of the same band (H) 

The analyses 

gave — 

Fresh Liniostonp 

“ Floater ” 

Oangue (mostly quart/Z) 

5 50 

27 09 

^Phosphoric acid 

0 16 

0 22 

Not determined 

94 35 

72 69 


100 00 

100 00 

♦Equivalent of Ca 3 ( 1 ^ 04) 2 

0 33 

0 48 


These analyses prove, then, (1) that the limestone H con- 
tains when fresh a small amount of phosphoric acid dissemi- 
nated through its mass , (2) that the ordinary process of wea- 
thering, which carries away the calcium -carbonate in solution, 
does not carry away the calcium-phosphate to an equal extent, 
so that the latter tends to concentrate in the residue 

The ‘‘ Gut ” at MiUburn — Brown and green sands and clays 
fill the hollow between two pinnacles, and protect the lime- 
stone surface from the atmosphere, but not from percolating 
waters In the deepest central “ gut ” the limestone is found 
to have a thin veneer, about 0 76 m. thick, of a pulverulent 
weathered limestone (CJ Outside this veneer comes 6 m. of 
a green glauconitic and phosphatic sand (Cj), the whole of this 
layer being laminated with fine streaks of not yet completely 
weathered limestone, arranged rudely parallel to the present 
limestone surface. Outside is found a varying thickness of 
yellow-green very sandy clays (C,), lammutea parallel to the 
surface of the limestone, the lamina? being from 0 06 m to 
0*26 in. apart, and composed of alternating green and yellow 
bands Tliese clays line the limestone wherever the latter is 
protected from the atmosphere — on pinnacles, in hollow^s, and 
on the under-side of projecting ledges alike. A tough yellow 
nchly phosphatic clay (C^) is found in the midst of the yellow- 
green clays ; it is sometimes in bands, more often in irregular 
patches and nodules. t 

The following analyses will show the manner m which the 
concentrating action has taken place. The limestone has been 
deprived of its CaCOa ; the quart*, glauoomte, and to a great 
eictont the lime-phosphate, being insoluble, have been loft be- 
hind and concentrated to form and then Cg Then the 
Ca has been separated mto two parts, the lime-phosphate tend- 
ing to segregate into the clayey nodules C 4 , surrounded by 
yellow-green clayey sand Ca- This differential action is due 
to water, which has acted by dissolving and then reprecipitat- 
ing some of the lime-phosphate. 



476 


T ramactwm . 


1 

Veneer on the 
Limestone 

C, 

(llauconite 
Sands | 

c, 1 

Yellow-green 
Clayey Sand 

I ^3 

Tough Yellow 
Segregations 

Silica 

9 24 

59*08 

74-16 

44*92 

FejOg and 

300 

18*05 

15*10 

21 72 

Al^O, 





CaO 

44 29 

6 72 

2*28 

12*09 

H,0 

14*80 

10*20 

7 70 

13*50 

•P. 0 , .. 

0*77 

5*65 

122 

7 75 

00 , 

29*74 

• 



•Equivalent of 
Ca 3 (F 04 ). 

101-84 

100 16 

100*45 

99*98 

1 68 

12-32 

2*66 

16*90 


The above analyses show that a concentration has taken 
place. If we change their form slightly they show us also 
that the c^^lcium-phosphate is not absolutely insoluble, and 
that even in the process of concentration some of it has been 
carried away in solution. In the concentration and solution 
it IS safe to assume that the silica (SiOg) is not carried away 
nor afiected by any chemical action. We are thus enabled 
to recalculate the analyses on the basis of constant SiO^ : e.y., 
if a body (a?) contains 1 part per 100 of an unchangeable sub- 
stance (w), and a quantity of it is partly dissolved away, result- 
ing in a product (y) which contains 5 parts per 100 of w, then it 
IS clear that the product y results from 5 times its weight of 
the original x. On recalculating thus from the analyses we 
find that 186 parts of have weathered to 29 parts of Cj, 
which have difierentiated lUto 14 parts C 3 and 15 parts C^. The 
following table gives the amounts of the constituents of each 
of these products : — 


— 

186 Parts 
0, 1 
ontaining 

1 

change to 
‘ 29 Pan^ 

0 , 

containing 

which spUt into 
14 Parts 

Cj 

containing 

1 and 

15 Parts 

containing 

the total of 
C 3 smdO^ 
containing 

8 iO, . . 

17-11 

17*11 1 

10-37 1 

6-74 

17-11 

Al, 0 , fimd 
P 63 O 3 

6-60 

5-36 

; 2-10 

! 

3-26 

1 

6-36 

CaO .. 

82-48 

2*03 

1 0-28 

1-81 

2-09 

P. 0 , .. 

1-46 

1*72 

! 0-17 

1-16 

1-33 

CO, .. 

66-10 

, , 

i 


t S 

H,0 .. 

24-28 

2-78 

1-08 

2-04 

3-12 


186-00 

29-00 

14-00 

16-00 

1 29-00 
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The Cj column does not tally exactly with the results from the 
other columns, and this is probably due to errors m the chemical 
analysis It must be remembered also that any errors that do 
occur m the analysis are almost doubled in the case of Cj, while 
they are dimimshed in the case of the others, roughly in the pro- 
portion of 3 to 1 and 6 to 1 respectively. Noticing the other 
columns only, we see that the iron and alumina, like the silica, 
are not removed by the weathering process, 5*35 resulting, from 
5*36. The amount of moisture (H 3 O) is of no importance in this 
inquiry, though apparently it also does not change much. P 2 O 5 , 
however, has been abstracted, 1*33 resulting from 1*72. This dif- 
ference is too groat to be merely due to error in analysis. It is 
clear, then, that phosphoric acid has been dissolvetl out from 
the clays , it* joins the downward circulation, and is redeposited 
where conditions are favourable. 

Stages of Process , — The amount of action that has taken 
place in this gut at Millburn is small, but the full sequence of 
operations is clearly seen. At Wilson’s quarry the process is 
more advanced, and has resulted in the formation of a large 
quantity of phosphatic clays, which are now being cemented to- 
gether by the redeposition of the phosphoric acid as lime-phos- 
phate in the cracks which traverse the clay. The process has 
reached its final stage at the Round Hill quarry, where all the 
calcium-carbonate of the limestone has been dissolved away, its 
place being now occupied by a mass of rock-phosphate. The final 
stage has likewise been reached on the right-hand side of the 
limestone quarry at Millburn, where now two boulders of hard 
rock-phosphate, in the middle of the brown sands, rest on the 
chemically eroded surface of the limestone. 

Objections , — ^The objections which may be advanced against 
this theory are, 1 think, the following : — 

1 . That the process outlined cannot account for large quan- 
tities of rock-phosphate such as are found at Round Hill. To 
explain such a large occurrence it is only necessary to suppose 
that the original limestone at that point contained a very great 
number of organic remains, such as bones, &c., and this suppo- 
sition is uphold by the occurrence of numerous bone-fragments 
among the phosphate at Round Hill. 

2. That the rock-phosphate ought to be always accompaniwl 
by brown sands or sandstone. As a matter of fact it usually is. 
though it is not necessary that it should be so ; the original lime- 
stone now eroded away may at one place have been rich in phos- 
phate, poor in silica : this would produce a rock-phosphate with 
very little sandstone about. Conversely, the original limestone 
at another place may have been rich in siUoa, poor in or destitute 
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of phosphate • tins would produce a sandstone witli no rock- 
phosphate in its neighbourhood, 

Conclusums — Mv conclusion, then, is that the rock-phos- 
phate has been formed by the action of meteoric wat(*.rB slowly 
weathering awav a limestone containing a small amount of lirne- 
phoaphate, leaving most of the latter behind, but dissolving some 
and reprecipitating it where conditions were favourable. Where 
the limestone originally contained a large amount of lime-phos- 
phate, owing to abundance of vertebrate remains, there the rock- 
phosphate will be found in great<5st abundance. Where the lime- 
stone originally contained practically no phosphate, there its 
weathering will give rise to no deposits of rock-phosphate. The 
limestone owes its contained hme-phosphate to the presence of 
organic remains, especially those of vertebrate animals , the dis- 
tribution of these is of an irregular nature , the weathering of 
such a limestone ought to give rise to irregularly distributed 
deposits of rock-phosphate . this is what we find. 

Professor Park,* in his a(‘count of the riarendon phosphates, 
does not hazard any opinion as to how these particular deposits 
originated. He says, “ The formation of phosphate-deposits is 
generally belie veil to have beiui due to the leaching or lixiviation 
of phosphato-bcarmg roi‘ks hv waters containing carbonic and 
other organic; acids, followed by the subseciuent concentration 
of the phosphate under favourable conditions. In some cases 
they deposited their calcium-pho8])hate in caverns formed in lime- 
stone or calcareous sandstone, and th(‘ subsequent removal by 
solution of the walls of the caverns, either wholly or partially, left 
the phosphate in the remaining sands ’’ 

Simdar Theories Abroad." -The theory advanced above re- 
sembles the theories which have been advanced to explain the 
ongin of other deposits of hme-phosphate. Accounting for the 
phosphatic beds near Moiis, Belgium, F. L. Cornetrf says, “ These 
phosphates have been formed from the concentration of phos- 
phatic matter, original Iv disseminated in the liinc-carbonate, the 
(joncentration having been effected by the action of water con- 
taining carbonic acid.” 

C. W. Hayes, J accounting for the white phosphate of Ten- 
nessee, sums up thus . “ The original hme-phosphate . . . 

accumulated with other sediments, either segregated in beds or 
disseminated through limestones and shales. . . These were 

attacked by percolating 8urfa<*c waters which contained car- 
bonic and other organic acids, and which dissolved the TaCOg, 

♦Park, Trans N.Z. Inst (1002), vol xxxv, p. 400. 
t Cornet, Quart. Joum. (^1. 8oc,, vol xlii (1886), p. 837. 

^ Hayes, U.S. Gaol. Surv., 17th Aim. Rep., part ii, p. 647 ; 21st Ann, 
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and in less quantity the Ca 3 (P 04 )a. The carbonate was earned 
away , tlie phosphate was redeposited, the form of th<^ deposits 
being modified by local conditions.” 

Compansori iviih Other Deposits. —The phosphates of South 
Carolina’*' consist of waterworn nodules, much bored by marine 
animals , phosphatic casts of the interior of shells are abundant 
The North (’arolma phosphatesf are in part like the South 
Carolina deposits, but there is also a phosphatic conglomerate 
with teeth, bones, nodules, and quartz pebbles all well rolled 
and founded and cemented together. The Alabama deposits;!: 
are, like those of South Carolina, composed of shells, phosphatic 
nodules, shell-casts, and fossils, all much worn and broken, 
usually flat in form, and more phosphatized on one side than 
the other. The nodular depositis of Florid a§ rest on the un- 
even surface of a calcareous rock, being associated witli shells 
and sands. At one of the quarries the soft calcareous rock 
gradually blends at a depth of 3 ft. or 4 ft. into a massive com- 
pact phosphate rock, similar in appearance to the phosphatic 
fragments above, except that it is a solid mass ; it is probably 
the ledge whence the fragments were derived, the phosphatu’ 
pebbles and the sand being due to deposition on the eroded 
surface of the calcareous rock. Carnot, || however, holds a dif- 
ferent opinion of these Florida deposits. He considers them 
of concretionary ongin ; he emphasizes the high percentage of 
OaFj, and argues that the concretionary action is due to the 
<‘oncentrating action of salt water. The phosphates of the West 
Indies, at Aruba and 8onibrero,lf and also those of Ocean and 
Pleasant Islands,** were originally coral limestones, now con- 
verted into phosphate by the percolation of waters containing 
phosphoric acid derived from the overlying deposits of bird- 
guano. The deposits of Ottawa (Canada), ft and of many other 
localities, occur as veins of apatite in very old igneous rocks, 
mostly of Archican age. The phosphates of Wales JJ consist of 
apatite veins and of amorphous nodular deposits ; the latter 
contain numerous remains of animal life, and are due to the 
phosphatization of a calcareous bed. In England§§ the de- 


* Penrose, U.8. Oeol. Surv. Bull. 46, p. 61. 

^ Ibid, p. 70. 

X IM , p. 75. 

S rb$d , p. 78. 

II Carnot, ** Annales dee Mineg *’ (1806), vol. x, p. 228. 

^Park, Trana N.Z. Inat. (1902), vol. xx.xv, p. 401. 

** Danvers Power, Mineral Industry for 1901,” vol x, p 533 
tt Park, Trans. N.Z. Inst. (1902), vol. xxxv, p. 400. 
jl Penrose, U.S. Geol Surv. Bull. 46, p. 80. 

j} SoUas, Quart. Journ. Oeol. 8oo, (1872), vol xxvih, pp 397-400 ; 
Fisher, Quart. Joum Oeol. Soc. (1873), vol. xxix, p. 65. 
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po8it« consist almost entirely of nodules which are composed 
of phosphatized animal matter, while those m the neighbour- 
hood of Taplow and Lewes* are phosphutic chalks of sediment- 
ary origin. Those of the Somme in Francef are also chalk- 
deposits, the phosphate being “ a sedimentary chalk derived 
from the disintogration of a vast granitic phosphatic continent.” 
Near Mons, in Belgium,} the phosphate- deposits are also with 
Cretaceous chalk. They consist of a coarse-grained rock formed 
of a mixture of grains of calcite and small-sised pebbles of 
phosphate , they are due to a concentration by water of a Ume- 
stone originally containing a small amount of lime-phosphates 
In Algeria and Tunis§ the phosphates occur in nodules in marl 
or as phosphatic limestone. 

Though not precisely similar to any other known deposit, 
the Clarendon-Millbum phosphate bears greatest resemblance to 
those of Florida, IJ.S.A. The local phosphate, however, con- 
tains only a trace of fluorine, and has no shell-traces ; the cal- 
careous rock does not become highly phosphatic in depth ; and 
the mode of origin is different from either of the two theories 
advanced to explain the Floiida deposits. In all these points 
it differs from the Florida phosphate, so that, after all, the simi- 
larity is not so very marked. 

Mimng and Treatment— kt Round Hill quarry the phosphate 
is blasted out with geligmte, the holes for the charges being 
very difficult to bore, on account of the hard nature of the rock. 
Very little hand-sorting takes place in the quarry, the rock 
being immediately loaded into trucks or “ boxes ” and drawn 
to the burning-ground, where it is built up with broodleaf timber 
into large piles. The burmng extends throughout several days, 
and deprives the rock of its moisture, thus tendering it brittle 
so that it can be more easily pulverised, and also effecting a 
small saving in the cost of its railway carriage to Bpmside, a 
few miles south of Dunedin, where some of it is treated with a 
spray of dilute sulphuric acid to partly convert it into eoiper- 
phosphate of lime. This chemically treated phosphate com- 
mands a higher price than the phosphate which has not been 
so treated. The former is more rapid in its effect on the crops, 
as the superphosphate is at once ready for assimilation by 
plants, while the phosphate in the crude, unsprayed rock has 


♦ Teall, Proc GeoL Assoo., vol, xvi, p. 869, 

t Henri Laone, !*Ongiiie des Phospliates de Ohaux de la 

Somme (1903). 

i Penrose, U.S. Oeol Snrr Bull. 46, p. 106. Ccffnet, Quart. Joum. 
Geol. Soc. (1886), vol. xHi, p. 825. 

§ Pai%, Trana N.Z. Inst. (1902), roL xxxv, p. 400. 
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to be slowly converted by the action of humic and other acids 
before it is available for absorption. 

Pro«j)ecls of the Indyntry , — The amount of rock- phosphate 
occurring in the district cannot be accurately estimated at 
present As the original phosphate to which it owes its origin 
was probably irregular m its distribution, so we must expect 
our deposits of rock- phosphate to bo irregularly distributed 
along the outcrop of limeBtone. The question whether the 
phosphate will occur between the already locateil outcrops can- 
not at present receive a satisfactory answer ; in some places it 
will, in others it will not , the position of these respective places 
can only be determined by further prospecting. From its 
origin it follows that the phosphate will not extend inwards 
under the protecting basalt cap, an<l for this reason also it 
follows that there is a greater chance of its occurring in quantity 
under a gently sloping surface than under a steep one, for in 
the former ciise a much greater width of limestone has been 
exposed and subjected to the actions which lead to the formation 
of the phosphate. Until prospecting afFords more information 
about the extension of the outcrops it would be useless to attempt 
an estimate of the quantity in sight. 

The sale of the phosphate will, in my opinion, be confined 
to New Zealand. To compete in foreign markets, high-grade 
rock-phosphato must contain at least 77 per cent, of calcium- 
phosphate — Ua 3 (PO^) 2 — and its amount of alumina and iron 
must be low, A reference to the list of analyses in this paper 
will show that it will be difficult to guarantee that any large 
quantity of the phosphate fulfils these i^equirements. Other 
countries, moreover, owing to their more favourable geogra- 
phical position, arc better enabled to command the foreign 
markets. In New Zealand the phosphate will have to com- 
pete against the imported guanos, and against agricultural 
limes produced by the burning of limestone ; against these it 
IS capable of holding its own, and of making progress. 

Other districts in New Zealand may also contain unrecognised 
deposits of phosphate of lime. The discovery at Clarendon 
was followed by the discovery of a smaller deposit at Enfield, 
near Oamaru, but we have not heard much about this. Lime- 
stone occurs in quantity throughout New Zealand, chiefly in 
the South Island ; and its surface, especially where eroded to any 
great extent, should be carefully examined for rock-phosphate. 
The phosphate had been overlooked at ('Clarendon for many 
years, and it may still be overlooked in some other locality. 
It is easily mistaken for limestone, flint, &c., according to the 
variety met with. It would be well worth while to submit to 
qualitative chemical analysis any peculiar-looking rock-frag- 
X6— Trans, 
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ment found in the neighbourhood of limestone or of glauconitic 
sands. 

In conclusion, I should like to express my gratitude to 
Mr. R. Ewing, of the Clarendon Phosphate Company, and to Mr, 
F. Oakden, of the Millburn Lime and Cement Company, for their 
kindness in allowing me to make use of several of their analyses 
of rock-phosphate, and for their unvarying courtesy during the 
exanunation of the deposits. To Professor Park for bis lucid 
and instructive report, to Dr. Marshall, Dr. Benhara, Mr. A. 
Hamilton, and Mr. D. B. Waters for their valuable advice and 
assistance during the preparation of this paper, my warmest 
thanks are due. * 

EXPLANATION OF PLATES IV-VIII. 

Plate IV. 

Fig. 1. 8q^odon gratdoupi (?): a, |fremolar, showing enamel; 6, crown 
of worn molar j c, section of h oloHe to top of crown ; d, section 
of h nearer the fangs ; e and /, molars. 

Pig. 2. Bal®noid whale, dentory • a, view from above ; h, view along jaw. 
Fig. 3. MageUanta marahaUt * a, both valves ; b, side view. 

Plates V-VU. 

Fig. 1. Glauconitic hmestone (B). 

Fig. 2. Qlaucomtic limestone. 

Fig. 3. Basalt, Stony Knob, crossed nicols ; X 80 dias. 

Fig. 4. Basalt, Wilhamson’s, crossed nicols ; x SO dias. 

Pig. 5, Basalt, Cemetery Hill, crossed nicols ; x 80 dias 
Fig. 6. Sandstone; x 80 dias. 

Plate VIII. 

Geological map of Clarendon -Millburn district, with ideal section. 


Art, LlH.^-The Gem Gravels of Kakanui; with Remarks m 
the Geology of the District, 

By J. Allan Thomson, B.Sc., Rhodes Scholar. 

Communicated by Geo. M. Thomson. 

[Read before the Otayo Institute^ 14<A November t 1905.} 

There have long been in the collections of the Otago Museum 
and of the Otago School of Mines specimens of sands from 
Kakanui, labelled “ gem sands.” The late Professor Ulrich, 
Director of the Otago School of Mines, was of opinion that 
gems would some day be found at Kakanui, evidently being 
struck by the association of minerals which these sands con- 
tained. Their investigation seems desirable both from* a theo* 
xetioal and a practical point of view. In the investigation of 
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their matrix there has been occasion to make some general 
remarks on the geology of the district. For the purposes of 
more convenient reference hereafter, it has been thought desirable 
to keep detailed descriptions of the collected fossils for a separate 
paper. 

Kakanui (Maori ; “ large kaka ”) is the name of a range of 
mountains, a river, and a township, all situated in the north- 
f»ast comer of Otago. The name has been applied by Captain 
Hutton to the upper part of the Wanaka system, of early 
Paleeozoic age, typically developed in the Kakanui Mountains. 
The Kakanui River derives its gravels largely from these and 
younger submetamorphic rocks The country between the nver 
and the sea is composed mostly of the Oamaru formation of early 
Tertiary age It may be roughly described as consisting inland 
of conglomerates overlaid by limestones, near the coast of ash- 
beds capped by luncBtones. 

Pbkvious Observers. 

There appears to be no reference, in the many geological 
papers dealing with the neighbourhood, bearing directly on the 
“ gem gravels ” as such The Oamaru district is the typical 
locality for the Oamaru system m New Zealand geology, and 
has been frequently explored by geologists, chiefly for the sake 
of determining the age of the system (which by Sir James Hector 
is included in his Cretaoeo-tertiary system, and by Captain 
Hutton is ascribed to Oligoccne). The papers on this subject 
occur mostly in the “ Reports of the Geological Survey of New 
Zealand” and the “ Transactions of the New Zealand Institute ” 
These will be referred to in due place. 

Mr. ManteU, the first geologist to visit the distnct, noted the 
“ volcanic grit ” of Kakanui, which has proved to be the matrix 
of the “ gem sands.” His observations on these minerals seem 
to have been entirely overlooked by all subsequent observers, 
although his paper is frequently referred to in discussions on 
the age of the rocks. The following is the paragraph referred 
to : ” The volcanic grit of Kakanui . . . contains a great 
variety of crystalline volcanic products, as hornblende, augite, 
garnets, &c.” ♦ 

After the fullest inquiries from residents in the district, and 
personal examination of many localities, both in the valleys of 
the Kakanui River and its tributary the Waiareka, it has been 
found that there are three distinct occurrences of stones that 
may be possibly of value as gems. The first is of sapphire. 


^ Mant^ Quart. Joum. QeoL Soo., 1860, p. 826. 
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identified as such by Professor Ulrich. Mr. Charles Reid, of 
Windsor, has cut some specimens of these. They were obtained 
from a gold-miner who worked in Slaty Creek, a tributary of the 
Kakanui, which enters it some fifteen miles from its mouth 
A superficial search revealed no indication of them in the gravels 
of this stream. The stones are of fair size, but of poor colour. 
The second mineral is of a jasperoid nature. It has been traced 
to Red Hill, near Elderslie, in the property of Mr Menlove. 
Green, yellow, and red bands may be obtained, and no doubt 
polished ornaments might be made of them. The mineral seems 
to form a large dyke, but more work is necessary on this point. 
The third occurrence, the “ gem gravels ” proper, were found to 
occur chiefly on the beaches south of Kakanui Heads. A recent 
bod of marine gravel covers large areas of land, and the “ gem 
sands ” may be obtained by panning ofl this gravel. They have 
been found as far north as Oamaru Cape. No trace of them 
has been found up the Kakanui or Waiareka Rivers. These 
sands are similar to the Museum specimens, and may now be 
briefly described Besides pebbles (quartz), they contain small 
cleavage fragments of hornblende and feldspar, clear green 
minerals (presumably pyroxenes or amphiboles), red minerals 
(presumably garnets) ; the two latter minerals being angular 
and fractured, but showing no crystalline form. On the beach 
between this stream and Kakanui South Head the sea has con- 
centrated the sands so that they consist almost entirely of 
garnet and magnetite, forming a thin layer on the top of the 
ordinary beach sand in a similar manner to the black sands 
(magnetite) occurring at many places on the east coast of Otago. 
The beach is periodically worked by a gold-miner, who scrapes 
off the top layer and washes it in a cradle for gold. It was 
believed by many of the residents of the district that occasionally 
rubies were obtained with the gold, and that they fetched a good 
price. The matnx was found to be a volcamc breccia occurring 
both on the North and South Head at the mouth of the Kakanui 
River. All the minerals of the “ gem sands ’* were found in it, 
with the exception of the magnetite and quartz. These, however, 
are of such universal occurrence on the east coast of Otago that 
it is unnecessary to specially consider them here. A general 
description of the breccia and its relations is given. Detailed 
accounts of the minerals and fossils are withheld till further 
investigation has been made. 

Genkbal Ocoubbence. 

The breccia, for convenience called “ mineral breccia,’’ 
occurs at four or five separated points in the neighbourhood 
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ai Kakanui Township. On the North Head it is found for 
about half a nule on the sea-shore, forming low chfiEs capped 
with gravel, and generally forming a beach of marine denu- 
dation for many feet seawards from the cliffs. Proceeding 
northwards on the beach it is seen to be underlaid unconform- 
ably by another volcanic breccia carrying no large crystals, 
for convenience called “ barren breccia.” The latter forms 
the cliffs for about tliree-quarters of a imle, and then gives way 
to a conformably overlying very fine tuff, full of cleavage flakes 
of biotite. The ” barren breccia ” in its uppermost layer is 
fossihferous, haying apparently been covered with a coral reef. 
The fine tuff is only 15 ft. thick, and is overlaid conformably 
by a limestone which forms the cliffs on the beach for the next 
half-mile. It is overlaid conformably by a glauconitic green- 
sand, and the whole is covered unconformably by thick beds 
of gravel and clay. 

Further north the limestone gives place, on the cliffs, to 
the “ mineral breccia,” which underlies it conformably, and 
this forms the cliffs for half a mile and then dips under the 
more recent beds of clay and gravel which form the Awamoa 
beach and stretch to Oamaru Cape. 





I. l>uoEABfacATio SiGTioN AKD BxsToa, Noi»ru Hsai), Kakanui. 

a. Mineral breooia. 6. Barren brecoia. c. Fine mioaoeons tuff, d. Lime- 
stone. a Greensand. /. Gravel g. Quarry limestone. 

The ” mineral breooia ” is also exposed on the west side 
of the hill forming the North Head, on cliffs near the Waiareka 
River. Here its relations are not clearly seen, as there is a 
slide between it and the “ barren breooia ” on the south, and 
it is lost under clay to the north. There is also an exposure 
of the ” mineral breccia ” about two miles north of Kakanui 
in a road-cutting (not shown in map) ; it is overlaid conformably 
by limestone. 

On the South Head there are two exposures of breccia 
bearing the minerals, but their occurrence is somewhat dif- 
ferent. On the cliffs exj^osed on the tiver-bank on the south 
shore the following section occurs : — 
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II. Suction at Cuff on Riviob-bank, South Hxau, Kajcanui. 

a. Limestone, b. HarL c. Coralline limestone, d Tu£b and breocia. 
e. Hard cap of breccia. /. Limestone g. Clay. h. Qrarel. 

A limestone of unknown|thicknoss forma the base ; this is 
covered conformably by a marl or calcareous mud, 26 ft. thick, 
the upper 6 in. being coralline limestone , then follows 60 ft. of 
rather fine volcanic tuff containing small cleavage fragments of 
hornblende, the top layer of 1 ft. being set in crystalline calcite, 
rather hard, and contaimng most of the minerals found else- 
where in the breccia This is covered conformably by at least 
40 ft. of limestone, containing many fossils. Clay then forms 
the cliffs to the mouth of the river. An isolated exposure 
of limestone occurs just at the nver-mouth, its relations 
being obscured by gravel and an artificial breakwater erected 
there. 

A few yards further on, towards the east, the “ mineral 
breccia ” occurs again, and forms the cliffs right round the South 
Head for about tlirce- quarters of a mile. It contains fossils 
in its upper layers, and going southwards disappears con- 
formably under a limestone 12 ft. thick. This limestone is 
covered conformably by a glauconitic greensand, and then 
gravel forms the chffs for a mile to the south. 



III. On Kaxanui South Hbad. (Diitaiuse, mile.) 

0 . Mineral breocia. b Limestone, e, Qreensand* d, Qravel. e# C9ay* 


A bluish clay forms the beach for this mile to the south, 
but does not form cliffs, being only a few feet above sea-leveL 
Its actual contact with the greensand cannot be seen. 

The dips of the breccia and the associated rooks vary very 
rapidly from place to place. At the south end of the Nortn 
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Head the breccia forms a small anticline, or, rather, elongated 
dome, as can be seen by tracing the outcrop-lines exposed on the 
beach. 



rv. SKETOH-PLAir OF OtTTOBOPS OF MlNSniL 
Bbsooia on TH8 Bbaob, Nohth Hxa.d, Ka- 
KANtri, SHOWING PBEIOLINAL FoLD. 


The breccia is 
very calcareous and 
is roughly bedded, 
suggesting a sub- 
marine origin. The 
size of the included 
minerals diminishes 
on proceeding from 
the axis of the 
anticline outwards. 
The following are 
the largest dimen- 
sions of the rocks 
and minerals ex- 
posed here (the two 
dimensions refer to 
the two largest in 
cross - section ex- 
posed on the sur- 
face of the brec- 
cia) : Hornblende, 
100 mm. by 76 mm.; 
black augite, 115 
mm. by 90 mm. ; 
feldspar, 70 mm. by 


40 mm. ; garnet, 12 mm. by 10 mm. ; green augite, 4 mm. by 


6 mm. ; basalt inclusions, 26 mm. by 30 mm. ; holocrystalline 
inclusions, 76 ram. by 40 mm. 

The thickness of the breccia is rather difficult to determine, 


but at least 100 yards across the strike is exposed here, which 
at an average dip of 26^ give« a minimum thickness of ISO ft. 
Further north, along the beach, the dip changes to the opposite 
direction, showing evidently a syncliml curve. The “barren 
breccia “ also varies considerably in dip, and appears to form 
an anticline. It is slightly faulted at one place, the displace- 
ment being 18 in. to the northwards, and the bade of the fault 
60® N. Near the fault is a fissure, filled evidently from above 
with the materials that form the ** mineral breccia ; this 


filling, withstanding erosion a little better than the “barren 
breccia,” stands out like a dyke. Similar vertical cracks in a 
tuff at Oamaru are filled vdth limestone, and at first sight seem 
to be vertical beds of limestone. The “ barren breccia ” be- 


comes flatter to the northwards in its upper layers, the dip 
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being 14^ at its contact with the fine tuff. The top layer, as 
stated, is fossiliforous, and appears to have formed the sea- 
bottom for a sufficient time to permit of a growth of corals. 

The chief fossils found here were : Corals ^ — FlabMum cxr- 
culare and other species ; Trochocyathus, sp. ; Ddiocya^us^ sp. ; 
Amphihelia trUnc^a; and Graphulana^ sp. Brachiopods — 
Magdlama lenticvlans and M sinuata ; Liothyrina, n. sp. ; 
Notothyns messt ; Terebratdla gualteri , and Rhynconella squa- 
mosa. Scaphopods — Dentaltum mantellt. Gasteropoda — Soalarta 
browmt ; Siphonalia nodosa ; MUray sp. , Gibhula^ sp. ; Turbo, 
n. sp. ; NattcUy sp. Lainellibranchs — CardUa, n. sp. ; and Pecten 
sectus. Cephalopods — NautUuSy sp. 

The fine micaceous tuffs are poor in fossils, and apparently 
represent a period during which the ocean-floor was being 
covered with fine detritus from some neighbouring volcano. 
The “ mineral breccia ” contains very little mica ; none was 
found on the sea side of the North Head, and but little on the 
side next the river More was found on the South Head in 
both exposures, but the small amount renders it improbable 
that these tuffs could have come from the eruptions causing 
the “ mineral breccia ” 

The limestone overlying the micaceous tuff is, on the beach, 
poor in shells, being made up largely, as microscopic sections 
show, of Foramimfera and Bryozoa. The following genera 
occur Textulariay Rotaliay Nummulina^ and Globigerina. 

On the top of the hill forming the North Head, however, a 
limestone of a different nature, but evidently stratigraphically 
the same, occurs. It appears to be composed almost entirely 
of Brachiopod shells, the shells themselves and the spaces between 
them, however, being filled with the same genera ot Foramimfera 
and Bryozoa as occur on the beach limestone. It is thus referred 
to in the Geological Survey Reports (1883, p. 63) by Mr. Mc- 
Kay : ** Kakanui lAmeaione : This forms an isolated hill near the 
Township of Kakanui. The limestone is full of shells, mostly 
Braohiopoday and thus differs greatly from the ordinary Ototara 
stone, which is usually poor in such forms. In former reports 
it was referred to as a Tertiary rock, but closer examination 
and a large senes of fossils collected show it to belong to the 
lower part of the Ototara stone. The Braohiopoda collected in 
great part belong to Terebratulay Terebratulim^ and peculiar 
forms of Terdtrama not found in New Zealand Tertiary rocte’^ 

The limestone here appears to be slightly more crystalline 
than in other parts, and breaks more readily across the middle 
of the Brachiopod shells, thus exposing the brachial arms and 
allowing of certain determination of the genera. Besides this, 
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in the blasting to which the stone is subjected m quarrying, the 
matter inside and around the shells is shattered, and allows the 
arms to be exposed by picking. The following fossils were 
obtained, bearing out Mr McKay’s reference to the genera : 
Ltoihynna (Terdyratvla\ n. sp.*; Noiothyris {Terebratulina) 9 U- 
essi ; Magdlania lenticnlaris , Rhyncondla squamosa ; Terebra- 
tella, n sp ; Pecten sectus ; Pecten hutchinsoni ; Ostrea, sp. , 
Pleurotomaria tertiaria; and A tuna australis. This limestone, 
from Its pure nature and hardness, is well adapted for burning 
for lime, and is used for that purpose On the beach it is softer 
and contains more impurities of the nature of volcanic -ash 
inclusions. 

The limestone on the beach has at the south a dip in a 
northerly direction, but it becomes flatter to the north and then 
dips to the south, thus forming a syncline. It is covered, 
wherever marine denudation has not denuded it, with a layer 
about 6 ft. thick of glauconitic greensand containing many 
fossils. The following were obtained . Isis^ n. sp ; Graphu- 
laria^ sp. ; Magellania sinuata , TunteUa^ sp. ; and Fusus^ sp. 
(casts) ; Dentalium mantelli , Pecten hutchimoni ; numerous 
echmoid spines, and sharks’ teeth The limestone is underlain 
to the north by the “ mineral breccia,” which is here finer than 
on the first exposure 

The general relation of the foregoing section is seen in the 
diagrammatic section (Section I) on p. 485. 

Captain Hutton, in a paper on the ” Geology of North-east 
Otago,” ♦ refers thus to these rooks : ” Kakanui Volcano : The 
Kakanui River runs into the sea between two low hills formed 
of sconaceous sandstone overlain by the Ototara limestone, here 
generally more compact than usual. The sandstones of the 
northern hill form a periolinal curve, which extends across the 
river so as to include the rocks seen m the mer-bed between 
the bridge and the sea.” On comparing the sections it will be 
seen that the folding is rather more complex than he has indi- 
cated. 

The cliffs on the Waiareka River call for little special detailed 
mention. They are mostly formed of the ” barren breccia,” and 
exhibit a great deal of irregularity in stratification, perhaps due 
to current bedding. In one place a few fossils were found, but 
they were too weathered for identification. The “ mineral 
breccia contains all the minerals found in the first exposure, 
and biotite in addition. The breccia is slightly less coarse than 
at the other exposure, the largest fragments being 75 mm. in 


♦Tram %Z. Imt., 1886, pp. 415-^. 
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diameter. Garnet, both in combination with other minerals 
and free, is more abundant here than elsewhere. 

The exposure two miles north of Kakanui showed a limestone 
resting on the “ mineral breccia.” The limestone in its upper 
layers has the characters of the oMinary Ototara stone, but the 
lowest few foot are more fossiliferous and resemble the Kakanui 
quarry limestone. This goes to prove that the Kakanui lime- 
stone 18 , as Mr. McKay remarks {loc. ctt.), a local development 
of the lower layers of the Ototara stone. The fossils found here 
were Flahdlum, sp ; his dadyla , Graphulana, sp. , Tere- 
bratdla gualten ; Liothyrina, n sp. ; Bhyncondla squamosa ; 
Pecien hutchtnsoni ; and Cidaris spines. 

The sequence on the river-bank on the South Head is im- 
portant as showing that a limestone underlies the volcanic rooks, 
the limestone fornuug wherever the sea-bottom was not sub- 
jected to a shower of cinder from the neighbouring volcanoes. 
The basement limestone is similar m microscopic structure 
(sections) to the others in the locality. It contained a few 
fossils, those collected being Liothyrina, n. sp. ; Pecien^ sp. ; 
and Lamna, sp. 

The overlying marl has few fossils It would probably be a 
very suitable material for cement-making when mixed with some 
pure “ white ” limestone, but its small thickness and the over- 
lying gravels would prevent it from proving a cheap material 
to work. 

The “ mineral brec.cia ” in this exposure is much finer in 
gram than in the others. It contained most of the minerals 
found on the opposite side of the river, and black mica in addi- 
tion. The overlying limestone is rich in fossils ; the following 
were obtained Liothynna^ n. sp. ; Terebratdla gualien, Tere- 
bratella aldinyi, MageUama leniicvlaris^ RhynconeUa squamosa^ 
Pecten hochateUen, Pecien yahlensis, Pecien hutchtnsoni, Den-' 
taltum mantellt, and numerous Cidaris spines. 

The isolated exposure of limestone at the mouth of the river 
appears to be flat. It may he on top of the ** mineral breccia ” 
exposed a little further east. If, however, it should be the 
same as that just mentioned, some displacement of the strata 
must be assumed. 

The development of the “ mineral breccia ” at the South 
Head is somewhat like that on the North Head, but the outcrop 
lines cannot be traced on the beach, because of its steeper and 
more shingly nature. The inclusions are largest about the 
middle point of the clifis. The dimensions obtained were : 
Hornblende, average, 12 mm. ; black augite, 70 mm. by 26 mm., 
60 mm. by 76 mm. by 36 mm. ; feldspar, 40 mm. bv 28 mm, ; 
biotite, 40 mm. by 40 mm, by 12 mm, ; holocrystailine inclu* 
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sions, 150 mm. by 100 mm., 125 mm. by 100 mm., 176 mm by 
200 mm., 26 ram. by 40 mm. A basalt block 5 ft. by 4 ft. by 
1 ft. contained — Hornblende, 75 mm. by 50 mm. ; black augite, 
50 mm. by 40 mm. ; biotite, 25 mm. by 12 mm. ; green augite, 
6 mm. ; holocrystallme inclusions. This large block of basalt 
suggests proximity to the crater. It is possible that the sudden 
changes of dip may be due to the opposite directions of dip inside 
and outside of the crater. 

One point regarding the origin of the inclination of the 
rocks might perhaps be discussed here. Captain Hutton in the 
paper referred to* states his conclusion that the Ototara lime- 
stone 18 the remains of several old coral reefs built up roimd 
small volcanic islands near the coast, and that it retains its 
original plane of deposition This explanation seems to be 
pretty well borne out by the observations on the locality, but 
the syncline of the mineral breccia shown in the section of 
the North Head requires a hypothesis of folding. 

The fossils obtained m the layers of the breccia to the south 
were as follows : Nothothyris suessi and Waldheirma lenttctdaris. 
The overlying limestone was rather glauconitic below, but passed 
into a hard coral reef above. The surface is easily denuded of 
the overlying greensand, and much eroded. It w^as formed 
chiefly of corals, especially Flabellum ctrculare and Isis dactyla^ 
and Lamna, sp. The overlying greensand is very fossihferous, 
and contains his dactyla , his, n. sp. ; Magellanm sinmta ; 
Terebraidla, n. sp. ; and Fusus, sp. (casts). 

1 There was no contact here with the blue clay seen further 
south. Captain Hutton {loc. ciL) says, “ The unconformity be- 
tween it and the underlying limestone is plainly to be seen m 
the coast section, not only m the difference of dip, but also in 
the denuded surface of the limestone (Section iv)/’ This 
appears inconclusive, for the denuded surface of the limestone is 
due to recent removal of the greensand and subsequent weather- 
ing. The difference of dip is more conclusive, but, compared 
with the general run of dips in the locality, is not very surprising. 
Still, there is a probability of unconformity from the fact that no 
contact is seen, and from the general flat nature of the blue clay. 
The fossils obtained in it were FlabeUum mcvtlure, Dentahum 
fnanUU% TurriteUa rosea, Soalaria rotunda, Sdondh australis, 
and CucuUma, sp. A whale was also found. Of these T, rosea 
and S. funietdata are not recorded elsewhere from the Oamaru 
system, and go to prove that the beds belong to the Pareora 
and not to ihe Oamaru system. 


s Trans. N.Z. Inst., 18S6, p. 421. 
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Remarks on Stratigraphy. 

From the above description, the matrix of the Kakanui 
gem gravels ” is seen to be a submarine volcanic breccia oc- 
curring on or near the sea-coast at the mouth of the Kakanui 
River. It is covered in all exposures by a limestone having the 
same nature and bearing the same fossils as the Ototara lime- 
stone, so that its stratigraphical position is in the Oamaru 
system. From the nature of the fossils in the breccia, and the 
occurrence of glauconite in and above the limestone, the forma- 
tion of the breccia must have taken place at a considerable depth 
below sea-level. Should this breccia prove to be a matrix for 
gems, there would be three or four exposures where it might be 
<|uarried, and a surface-area of some acres. As there must have 
been one or more craters from whndi the breccia was erupted, 
there must be pipes running down to a considerable depth, and 
most likclv cotitaining larger fragments of mineral and less 
calcite. These could be worked by mimng, although the per- 
meable nature of the breccia might allow of a large influx of 
water. Should gems occur, they would probably be of a suffi- 
cient size in these pipes to repay working. 


Identikk'ations ok the Minerals and Rocks contained in 
THE Breccia. 


Complete and detailed descnptions of these minerals will 
be of considerable petrological interest, but are withheld till 
further work has been done. It will be sufficient here to state 
that, after a considerable amount of chemical and microscopic 
examination, the following were identified : — 

Black augite ] 

Hornblende Un large fragments. 

Feldspar, near oligoclase ) 

Garnet 


Diopside 

Diallage 

Biotite 

Olivine 

Smaragdite 

Basalts. 


in smaller fragments. 


Sandstone, Umeidxine, greywacke. 

Quartz, mica-schist, f^anulite, and garnet gneiss. 

Various basic plutonie rocks, which may be grouped in 
two claves— (1) Iherzolites, eulysites, and webrlite 
(containing fine spinels) ; (2) garnetiferaus peridotites. 
The basalt contains inclusions of almost all the other rooks 
and minerals found in the breccia. 
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There is no trace of any gem of value in either the “ gem 
sands ” or the breccia, although the garnets and green augites 
would make pretty stones when cut. There are many points of 
geological interest, however, about the breccia which make a 
more complete examination of interest. In the first place, the 
presence of granuhte and gneiss point to the existence, at no 
great depth, of such rocks as form the Wanaka formation, of 
the west coast of Otago. 

The fact that so many of the minerals have a rounded form 
and high polish wants explanation. 

The similarity, both in occurrence and composition, of the 
holocrystalline rooks to those of Kimberley at once raises the 
interesting cjuestion. Is it probable that diamonds will be found 
at Kakaniu This similarity is probably the reason that Pro- 
fessor Ulrich considered there was great probability that gems 
would be found at Kakanui. It will be of interest to discuss 
this similarity. Ifoth occurrences are volcanic breccias , both 
are calcareous, the Kimberley breccias being now only seen 
m pipes or the necks of old craters, the Kakanui being well 
stratified and originally submarine ; there must, however, be 
necks, and probably one occurs on the South Head. Both con- 
sist mostly of ultra-basic minerals and rocks. At Kimberley 
no volcanic rock is present, at any rate in a recognisable state ; 
at Kakanui there is a limburgite or feldspar-free basalt, whose 
explosion may be assumed to have caused the eruption. 

The amount of alteration that the Kimberley breccia has 
undergone has almost disguised its original character, and it is 
sometimes taken as a rock species. It has been shown by Bonney, 
however, that this alteration has had nothing to do with the 
formation of diamonds. Both brec^cias contain rounded rock- 
fragments. 

The following isolated minerals are recorded from Kimber- 
ley • Enstatite,*t topaz, chrome-diopside,* diallage,* iron- 
pyrites,* ilmemte,*t olivine, f smaragdite,t chromo-diopside 
{** omphacite of some authors), f a brown mic5a,t garnet (mostly 
pyrope, but more than one variety observed), f magnetite, f 
chromite.t 

The following rook - fragments are recorded : Garnet-green 
pyroxene (omphacite) rock « eologite,* bright-green pyroxene, 
zoisite purple-garnet rock,* pyrope-chrome diopside (olivine) 
rock » eclogite,! garnet-diopside-inica-enstatite rock = enstatite 
eologite, t garnet-bastite rock,t olivine-baatite rock « saxomte,t 
garnet - enstatite - chrome - diopside - olivine rock granatiferous 


• Bonney, “ Geologiool Magazine, 1891, pp. 413, 414. 

t Ibid,, 1899. p, 809. 
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IherzoUte,’*' olivine-bastite-green-augite-pyrope rock « enstatite 
eulysite,* pegmatitic hornblende gabbro. 

The Kakanui breccia, then, contains six rock - forming 
minerals also found at Kimberley — viz*, oh vine, diopside, di- 
allage, garnet (two varieties), smaragdite, and spinel (c/. chro* 
mite). Both contain Iherzolites and eulysites, and each con- 
tains two granatiferous peridotites — viz., eulysite and eclogite 
at Kimberley, and eulysite and garnet-pyroxene as Kakanm. 

The diamond at Kimberley is found included in the eclogite 
and in the pyrope. Dr Bonney considers the garnet very im- 
portant “ As the ordinary varieties of the latter mineral 
[garnet] seem to be produced at a high temperature, the associa- 
tion [of diamond with it] may bo significant.” 

The origin of the diamond at Kimberley has been traced to 
a pyrope in an eclogite. The diamond m included in the pyrope 
as well-formed crystals. Its ultimate origin is obscure, as the 
parent rock has so high a percentage of oxygen that, accord^ 
mg to Dr. Bonney, it is difficult to understand how so small 
an amount of carbon escaped oxidation. It seems as if the 
diamond formed in some more basic magma, and had been 
either taken up by the eclogite magma, or the magma containing 
it had mixed with one or more acid to form the eclogite magma. 
In any case, under the present amount of knowledge, the presence 
of diamond in an eclogite cannot be taken as a sign that diamond 
occurs only in eclogite, or that all similar eclogites contain dia- 
monds. Manv eclogites occur elsewhere witliout diamonds. 

Under these circumstances, to estabhsh a resemblance be- 
tween the breccias at Kakanui and at Kimberley will give a 
possibility that diamonds occur at the former place, but not a 
very high degree of probability. The presence of two distinct 
garnetifcrous peridotites in the former and of several in the 
latter creates a great similarity, and shows a similarity of con- 
ditions— magmas with httle alkalis and crystallizing at a high 
temperature. Such a similarity is of sufficient interest to justify 
a thorough examination of the New Zealand locality, both 
from a theoretical and practical point of view. 

The occurrences resemble one another also in that both are 
volcanic breccias. This can only bear on the subject in that, 
as diamonds would only be likely to occur in ultra-basic rocks, 
and as such rocks generally occur at a great depth in the crust, 
there would be greater probability of their occurrence in a rock 
formed from deep-seated eruptions than in any other way. 

In regard to the other point of similarity, the occurrence in 
both breccias of rounded fragments, Dr. Bonney has proved to 


* Bonney, “ (ieologicaJ l^agaadne,** 1900, pp. 476-79. 
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his own satisfaction that the rounded form is due to the inclu- 
sion of waterworn fragments from deep-seated conglomerates. 
In the present case there is no evidence to show that such has 
happened. The rounding and polishing is so fine that it can 
only have been caused by friction, and the only suggestion that 
has occurred to me is that which Dr. Bonney rejects in the 
Kimberley cast — viz., that the fragments have been rolled up 
and down in the crater. This point, however, has no bearing 
on the probability of the occurrence of diamonds. 

In conclusion, from the similarity of the Kakaniii breccia 
to that of Kimberley, it would excite no surprise if they were 
discovered, but it could hardly be predicted that diamonds 
occur at Kakanui. 
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Art, LIV . — Two Ntw Ferns, 

By H. C. Fmu). 

[Read before the Wdlington PhUosophieal Society, Bth April, 1905.] 

In December, 1903, one of ray sons, who had been visiting 
Auckland, brought me some plants of ferns which are either 
wanting or extremely rare in this part of the colony, and I 
potted them at once. Among them was one which appeared 
strange to me* and which my son said he had found in some 
scrub near Takapuna Lake. It was a male plant with only 
barren fronds about 2 in. long, and which looked like those 
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of young Lomarta fliformi% but seemed too thick and harsh 
to be so. It was also a tufted plant, having a crown of about 
a do25en fronds, without any sign of the creeping roots which 
are characteristic of L. filiformis. The plant grew well, but 
it was not till near the end of the following year that it began 
to produce fertile fronds, which were rose-coloured when young 
This 18 so common with Lotnaria lanceolata^ particularly when 
growing on limestone soil, that I thought the plant might bo 
a peculiar northern form of that fern As the new fronds de- 
veloped I saw that the plant was a Doodia. though different 
from either D. media or D caudata, both of which I have had 
growing for manv years. It has more of the peculiar tailed 
pinnjB of D. caudntn, and differs from D, media in many respects. 
1 have had plants of D, media, not only from the neighbour- 
hood of Wanganui, but from Wellington, Nelson, and Auck- 
land, and they were precisely similar in every case. There 
were never more than three or at most four fronds on a crown, 
and these were lanceolate In fact, 1 never could see any dif- 
ference between D media and the Australian D. aspera, except 
that the former was a much larger plant, and had rather fewe^ 
fronds. The new Auckland plant has no less than twenty-one 
fronds, and these, instead of being lanceolate, have their pinna' 
of nearly equal length throughout, and these shorten and taper 
rapidly towards the apex of the frond. The pinnae are also 
far shorter and more obtusely pointed than those of D. media. 
Thus, though approximating to the latter, the fern is of a far 
more handsome and compact habit— so much so that I think it 
worthy of being separately classed, and would suggest Doodia 
aucUandica as a fit name for it. 

In July, 1903, I received a parcel of ferns from Waikanae, 
They had been taken up with lumps of earth in which they 
grew, but as they had been several days out of the ground, 
and reached me kte in the day, I pott<^ them without much 
examination. TJbere were several plants of Botrychium ter- 
natum, variety dcutanum, and what appeared to be a cluster 
of Botrychia growing close together. The plant grew well* 
but I paid no particular attention to it till I put it m as one 
of a collection of ferns exhibited at our spring horticultural 
show on the 30th November. During the show the Kev. Z. 
Spencer, who has collected ferns for very many years, and has 
the best collection of pressed specimens of any one in Wanganui, 
remarked that I seemed to have wrongly labelled the plant, 
and that it seemed to him to be a Pteris, though one which 
he did not know. This caused me to observe the plant more 
carefully, and I found that ho was right. The plant is clearly 
a Pteris, but differs materially from either of those yet classified 
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as belonging to the colony It approximates to P. tremula, 
but has important differences. P. tremida has not more than 
SIX or eight fronds forming the crown, and these have very 
long stalks, are broadly triangular or rhomboidal in form, and 
are of a light-yellowish-green colour. The new plant has now 
twenty -one fronds in it-s crown, and these are so narrowly 
rhomboidal as to appear almost lanceolate, while the stalks 
are quite short. The colour is a dark almost olive green, and 
the strong aromatic scent which belongs to P. iretnula, and 
which 18 so powerful as to be actually unpleasant m hot weather, 
18 entirely wanting Again, the ultimate divisions of P. iremula 
grow touching each other, are J in. or more long by about 
^ in. wide at the bases, which are completelv sessile, and from 
which the divisions taper gradually to sharp points, the fructi- 
fication extending alon^ the whole length of both sides, In 
the new plant these ultimate divisions are much further apart, 
and so narrowly sessile as to bo almost stalked Above this 
apparent stalk they widen suddenly for Jin. or more, and then 
become ovate or very bluntly pointed In many instances they 
are cut into shallow lobes, and m such cases the fructification 
IS confined to the outer portion of the lobes. But perhaps 
the greatest distinction is in the habit of the plant’s growth. 
P. tremula has an erect habit, the crown gradually rising till 
in old plants it becomes a caudex 1 ft. or more m height 
The now plant, on the other hand, spreads horizontally by 
the production of lateral fronds, so that even now it is rapidly 
filling a pot 5 in. m diameter. Altogether, though approxi- 
mating, as I have said, to P. tremida, it is very different m 
appearance, and far more compact and handsome than that 
fern ; and I ihmk the differences are such as to make it worthy 
of being separately classed. The late Mr. Travers had a house 
at Paraparaumu, and I thought this fern might have grown 
from spores of some kind which he had m cultivation ; but 
I cannot leam that he had such a plant, and there is none 
mentioned in the “ Synopsis Filicum ” which seems to agree 
with it. I think, therefore, that it may be provisionally 
named Pteris novw-zelanduB, It may be observed that in both 
the above cases the plants approximate to some already 
olassifled, but that they are such an improvement on those 
others, particularly in their habit of growtn, as to seem to de- 
serve separate classification. Though t^ere is great variation 
in some of our New Zealand ferns, yet in every case the changes 
seem to have been evolved gradually, as there are connecting- 
links between the different forma which are difficult to assign 
to either. In both the cases, however, which I have mentioned 
the change is more than that of mere form it is of habit of 
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growth ; and, if a change, has apparently been evolved sud- 
denly. The Doodia, for instance, is so totally different from 
the ordinary D, media, even as found at Auckland, that no 
one only partially acquainted with our New Zealand ferns would 
for an instant regard the two as merely different forms of the 
same plant. 

I observe that m a paper published in the last volume of 
Transactions Mr, A. Hamilton quotes a remark which I made 
m 1882 as to the apparent paucity of cresting in our New Zea- 
land ferns, a view in which the late Professor Kirk and Mr. 
H. F. Logan concurred with me. Since that date I have met 
with sundry examples of crested ferns, and have at present 
such forms of Adtafdiim formosum, Hypolepts dutans, and 
Pt£n8 tremula. In mv book on our fern«» a very remarkable 
dwarf form of Polypodtum penniyerum, which was a mere mass 
of cresting, is figured on pi xxv It seems to me that cresting 
arises from plants growing under some particularly favourable 
conditions, as m several cases my plants have become so under 
cultivation. I notice that when a plant thus breaks away 
from the normal type, seedlings from it are apt to exhibit the 
pdcuiianty m even an exaggerated form, and I think that the 
groat variety of appearance m the English ferns has arisen 
from persons having taken up and cultivated plants which 
presented jiny peculiarity Before I became blind I had more 
than twenty quite distinct forms of the English lady fern, and 
about fifteen of the male fern, as well as hart’s-tongue fern, 
which was a mere mass of creating. Even now I have a form 
of lady fern in which the pinnae are depauperated into mere 
semiciicular projections from the midrib, and then have a heavy 
tassel of cresting at the end of the latter. Anything more dif- 
ferent from the ordinary type of the lady fern it would be hardly 
possible to conceive. Mr. Hamilton’s peculiar examples seem 
to have been mostly of one kmd of fern, Lomana flumatilis, 
and to have been found m one specially favourable locality— 
which agrees with what I have above stated as to these pecu- 
liarities being worked under particular conditions. I was very 
glad to see that he was drawing attention to these variations, 
as they are very interesting to lovers of our ferns, and should 
be reported when observed. I think it is a great pity that more 
people do not cultivate our fenis, as many of the rarer and 
more delicate ones bid, fair to become extinct as the country 
is cleared and brought under cultivation. It is very interesting 
to grow ferns from the spores, and it seems to me that this win 
be the only means of preserving some kinds. 
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Art. LV. — Notes upon a Find of Kauri-gum in RangUtkei, 

WeUi'ngUm Promnce, 

By S. A. R. Mair. 

ln>jore th>e Aucldarul Imiiiuk, 9//i October^ 1006] 

Home five-and-twenty years ago a broad expanse of dense bush 
separated the lower Rangitikei from the extensive plains of 
Munmotu, or Inland Patea, lying to the south of Ruapehu. 
Right from the Whanganui River to the Ruahine Ranges did 
this forest extend, and* except for occasional canoe services 
down the Rangitikei River, it completely barred all coninninica- 
tion with the ports of Cook Strait. Many acres of the plains 
had even then long been used for grazing sheep, bi ought in 
overland from either Hawke’s Bay or Taujio, by uhich routes 
wool, &c , had to be packed out. This led to an agitation to 
open communication through to Rangitikei, as the Maoris were 
supposed to have previously had a track through the intervening 
thirty or forty miles of bush With this object the Govern* 
inent and Rangitikei (’ounty oflfered a reward of £250 for the 
best hue of road, and by this means the bush was thoroughly 
explored by Natives and pioneer settlers, with the result that 
a track was opened through about midwav between Turakina 
and Rangitikei Rivers. This line, known as Munmotu Road 
and Murray’s Track, was only one of several routes offered 
for the reward, and evidently, by being adopted, was considered 
to be most serviceable. Leaving the lower Rangitikei it fol- 
lowed up the Pourewu, a large feeder ol the Rangitikei River, 
and, climbing out of its source over the To Kumu Ridge, about 
2,500 ft. high, it rapidly descended a sharp ridge into the Manga- 
one Stream, a feeder of the Mangapapa, which in turn flows into 
the Turakma. Rising out of the Mangaone up and over a west- 
ern ridge off tlie high Matawa Range, the track traversed some 
miles of gorgy and hillocky country, emerging into the Patekete 
clearing, and then into the vaUcy of the Hautapu, up which 
it wound to Ngaurukehu and Turangarcre, where the Ruanui, 
Taupo, and Moawhango-Napiet Roads were intercepted. 

Whether the explorers of Murray’s Track had known of the 
previous existence of any ancient Maori track between the 
Rangitikei and Patea I am not aware, but have since been in- 
formed by Major Mair that such a track did exist, and was used 
from the very earliest times by the interior Maoris visiting 
those on the south-west coast. Prom Major Mair’s testimony 
I jSnd this track from Turangarere to the Mangaone was almost 
identical with Murray’s Track. Prom there it rose the spur 
to Te Kumu Ridge and there divided, the western branch head- 
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mg the source of the Pourewa on the northern side, and, after 
passing around Tauporao, followed a spur down to the Turakma 
River, just below where it is joined by the Mangapapa. About 
here are to be seen many remains of old cultivations and forti- 
fications, possibly being a place of retreat, as it is at the head 
of the portion of river navigable for canoes, and some forty 
or fifty imles from the coast The eastern branch skirti^d 
the source of Pourewa, falling into the valley of the Makohine, 
another tributary of the Rangitikci, and again ascending the 
Whakawae liidge and descending to the Otara kainga, near 
where Ohingaiti now stands From there to the coast com- 
munication would be easy either by canoe or down the valley 
of the Rangitikei 

The subject of these notes, a large piece of kauri -gum, was 
discovered by some bushfellers lying on a leading ridge parallel 
to the one which Murray’s Track follows, immediately to the 
south and about 30 chains from the Mangaone Stream. One 
of the bushmeii, in preparing to boil the “ billy,” observed what 
he expected was a round stone, and, as such is a curiosity m 
this country entirely devoid of gravels, he inquisitively struck it 
with the back of his axe, to find it splmterod into fragments 
of gum. Finding it would burn he utilised the most of it to 
boil his precious “ billy,” but luckily he retained a few pieces, 
and I afterwards obtained a few ounces from him From his 
description the lump would be several pounds in weight, and 
was completely moss-covered, and lying half buned in the mould 
near the crown of a sharp ridge, in dense bush ; and there were 
absolutely no indications of any track of any kind, the under- 
growth being, if anything, denser than usual. There would 
be no old Native clearings within ten or twelve miles of the 
spot as the crow flies As will be observed by the sample for- 
warded with this, the gum is a hard, brittle, semitransparent, 
gum, to all appearance just as if taken out of the ground. 

Upon ascertaining that the find was really kauri-gum, a 
mild sensation was caused among the immediate settlers, who 
were then led to believe their lands had once been clad with 
kauri, and would in future be rushed by diggers anxious to search 
for the buried wealth. However, possible such a thing may 
be, but it IS most improbable. 

Oedlogically Ae country throughout this part consists of 
the lower and middle beds of Tertiary clays, commonly known 
as “ papa,” and covered with a comparatively thin coating of 
clay mould. The existing forest consists of totara, rimu, kahi- 
katea, matoi, tawa, titoki, kowhai, &c 

The presence of this kauri-gum in such a locality, together 
with the traditional record of an ancient track by the Maori, 
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may be taken as conclusive evidence as to the actual existence 
of such, and also go to show that kauri-gum was put to some 
use by the ancient Maori, or a lump of several pounds would not 
have been carried upon a long and presumably fighting trip 
from the far north 

It may not be generally known that the kauri will flounsh 
m the extremes of w’eather in this part of the Island In my 
garden at Hunterville I have a fine tree, about four years old, 
which makes a growth of 9 m each yeilr It was obtained 
from a Wellington nurseryman, and has several times been trans- 
planted, and, in its present situation at 9(M) ft above sea-levol, 
has experienced several severe snow-falls lasting days at a time. 
It 18 now about 4J ft. high. 


Appendix by Captain Mair. 

Traversing the large tract of forest which lies between the 
open country about Rangitikei and the Murimotu Plains were 
two well-known ancient war-trails, which were much used in 
the sanguinary wars tliat occurred during the early part of last 
century One of the aforesaid war-paths came from Hawke’s 
Bay and Taupo, joining at Pungataua, thence crossing the canon 
of the Moawhango by a narrow plank (settlers still use a log 
on same site) it followed along the Whakauae Range out to a 
clearing called Otara on bank of Rangitikei, thence to Pourewa, 
and on to Marton. The other track branched off from the former 
at Turangarere towards the west, thence down the valley of the 
Pourowa to Marton, It was by these two war-trails that the 
three hekes or migrations composed of the Ngatiraukawa under 
Te Whatanui, Te Heuheu, and other great chiefs, came to assist 
their kinsman Te Rauparaha in holding Kapiti as against the 
popidous but less warlike southern tribes. Armed bands were, 
in fact, constantly passing over this country, and the large 
lump of kauri*gum recently found in this district had evidently 
been brought from the Thames, Lower Waikato, or Raglan 
district by one of these very numerous war-parties 

The old-time Maori carried kauri-gum for several reasons 
first, for burmng under sheets of green bark to procure lamp- 
black (kauri), feom which the tattooing pigment was made ; 
secondly, for use as torches ; and, thirdly, for chewing. To 
prepare the latter the old gum was kept in boiling water till 
quite plastic, then juice procured from the milk of the fuwha 
(thistle) was mixed with it to make it soft and elastic for masti- 
cating. 
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Art. LVI. — Brief Notes on the Theory of New Zealand Earth- 
quakes. 

By G. Hoobbn, M.A. 

[Me'id hejort the WeHinjtofi Phtlonophtcal Society^ Uh October, 1905] 
Plates LIII and LTV. 

From time to time papers have appeared in the Transactions 
of the New Zealand Institute and of the Australasian Associa- 
tion for the Advancement of Science dealing with individual 
earthquakes. Captain Hutton’s monograph on -tlie Amuri 
earthquake of the 1st September, 1888, ‘marked a new epoch in 
seismological science m New Zealand, as it treated the facts 
of that disturbance in accordance with the ideas of modern 
seismology. I have published durmg the last sixteen or seven- 
teen years several other Jiapers in which I have endeavoured 
to follow the same general lines in regard to all the important 
shocks that have occurred Although, perhaps, we cannot 
yet with any certainty elaborate a complete theory of the earth- 
movements in the New Zealand region, nevertheless it appears 
to me that the time has arrived when we may attempt to co- 
ordinate the facts in our possession by some general explana- 
tion of them so far as the earthquakes enable us to do so. 

The most accurate observations made in the colony have 
been those afforded by the two Milne horizontal pendulums 
installed at Christchurch and Wellington respectively. Some 
of the inferences to be obtained from their records, or seismo- 
grams, may be most readily understood by means of a few 
general remarks ; as illustrations I take the copies of four 
seismograms on the New Zealand instruments (Plate LIII, 
figs 1-4). 

Fig. 1 on Plate LIII is a copy of the Christchurch record 
of the great Guatemala earthquake of the 19th April, 1902. 
The time is Greenwich mean civil time. 

Fig. 2 shows a severe earthquake, on the 20th November, 
1902, from an origin probably near 21*^ 8. lat., 172® W. long.-— 
that is, notth-east of Tonga (Wellington record, 6.M.C.T.). 

Pig. 3 is the Wellington record of the earthquake at Cheviot, 
N^ew Zealand, on the 10th November, 1901, beginning at 7.47 a.m., 
New Zealand mean time. 

Pig. 4 IS a copy of the seismogram takpn at Wellington of 
the East Coast earthquake of the 9th August, 1904 (G*M.GT*). 

The sttiftll letters a, above fig. 1 mark the beamning 
of the eight phases into which Professor Omori divides the 
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waves. The most important of these are : a, the beginning 
of the preliminary tremors ; e, the chief of the large waves ; 
A, the last marked phase of the series. The position of the 
corresponding waves on fig 2 is marked by the letters a, e, h. 
In figs. 3 and i the downstroke on the margin shows the 
beginning of the prehminar>" tremors (a) ; the black line right 
across the seismogram gives the position of c, rf, and e ; the 
last phase (A) is shown in fig. 3 by another downstroke, but 
cannot be distinguished in fig 4,’** 

As I have stated in a former paper, the times of arrival of 
those waves (a) at the various seism ological stations of the 
world appear to show that they travel round the earth, and not 
through Jts central portion — ^that is, along arcs parallel to the 
surface, and not along chords That is certainly true of the 
other waves (6- A). 

The following table shows the transit-velocities of the chief 
waves of the four earthquakes just referred to, in kilometers per 
second — - 


Earthquake. 

a W*vo». 

e WavoH. 

h WavcH 

Guatemala 

16-6 

3-2 

21 

Tonga 

130 

3*3 

22 

Cheviot 

12-4 

3*5 

23 

East Coast 

12-6 

8-5 

2*3 


The high transit-speed of the a waves or preliminary tremors 
can bo accounted for only on the assumptions— -{I ) that the vi- 
brations originated in rooks under a maximum strain (it will be 
remarked that the speed is greatest for the earthquake of greatest 
intensity) ; (2) that their path through the earth’s crust was the 

E ith of maxiipum velocity, and therefore through the rocks of 
ghest rigidity and elasticity. 

The velocities of the e waves and A waves for various large 
earthquakes seem to vary very little, the average being 3 3 and 
2*2 kilometers per second respectively. Now, from theory based 
upon the expenmental determinations of the rigidity, elasticity, 
and density of various rocks, the speed of large normal or longi- 
tudinal vibrations through such rooim as hard granite is estimated 
to be between 3*1 km. and 3'96 km. per second, and the speed of 
transverse waves two-thirde of that of normal waves proceeding 
from the same origin at the seme time and along the same path. 

• The fact that the interval between the arrival of the preliminary 

tremors and of the normal waves is very small when the orimn is near, 
and increases with the distance Itom the origin, is explained on the asstimp- 
tton that they start at or about the same time horn the orimn, and gradu- 
ally become separated owing to the difference in their transit-speeds. 
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It is therefore highly probable that e and h on the seismograms 
(of which those given are fair specimens) represent the chief 
normal and transverse waves, due respectively to elasticity of 
volume and to elasticity of form. Now, if the rocks were sub- 
jected to great pressure, as must be the case at a few miles below 
the surface, the strain would be at a maximum just before yield- 
ing, and the consequent vibrations (a) would be small and rapid ; 
as the rocks yielded to the strain and were compressed, larger and 
slower vibrations (e) would be produced ; distortion of the rocks 
would also generally take place, giving rise to transverse waves (h). 
The conditions would be satisfied if, under unequal vertical or 
lateral pressures in two adjoining portions of the earth’s crust, 
there occurred bending or folding of the strata, accompanied or 
followed by fracture of the rocks such as give rise to faults ; 
there would be earthquakes, m fact, whenever any sudden ad- 
justment took place, whether such adjustment were rapid tilting, 
the formation of a fracture, the rapid sliding of one rock-face 
over another, or simply the crushing of rocks under great in- 
crease of pressure, or, what is most probable, several of these 
causes operating together. 

Have we any evidence that these conditions have been satis- 
fied in the case of New Zealand earthquakes ? The great earth- 
quake of 1855 affords evidence that they have been satisfied in at 
least one instance The origm — that is, the moving portion of 
the earth’s crust — was at least as large as is indicated by the oval 
drawn on the map (Plate LIV). The evidence is very clear that 
on the north-eastern side of this area the elevation was greatest ; 
that it diminished towards the middle ; that there was neither 
elevation nor depression in Porirua Harbour ; and that on the 
south-west side of the focal area there was a depression of at 
least 6 ft. This tilt, or folding, as we may fairly call it, was also 
accompanied by fracture of the rooks, showing itself by surface 
rifts that ran for many miles north-east and south-west. 

Again, reference to the map will show that the line joining 
Wellington and the epifocal area of the Cheviot earthquake of 
November, 1901, is nearly parallel to the general axis of New 
Zealand ; a great rift (called by Mr, A. McKay, Government Geo- 
logist, the Clarence fault ”) runs nearly in the same direction, 
and it is quite probable that it indicates the existence of a deep 
fault. The significance of this will be seen if we turn to the Wel- 
lington seismogram of the Cheviot earthquake (fig. 3) ; it will be 
observed that the mean position of the central or zero line after 
the shook is nearer the lower edge of the paper— -that isf, nearer 
the west — than it was before the shock : this shows that the 
surface of the earth on which the column rests was tilted 
through an angle of about 1*3 seconds towards the west or north* 
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west.* This tilting took place suddenly; but it is interesting 
to note that for some months before the earthquake a gradual 
lowering of the level on the west side had been taking place, 
and that a similar gradual movement haft been going on up 
to the present time (September, 1906). The 1901 earthquake 
therefore gives us an example of tilting, or folding, in which the 
original fracture of the rocks did not apparently extend to the 
surface. 

It 18 well known that strata originally more or less horizontal 
have been folded by forces acting on the earth’s crust, the folds 
often appearing at the surface so as to form wrinkles or mountain 
ranges and valleys. Several possible causes of this folding may 
be assigned. Two of the most important are— (1) the gradual 
cooling of the earth ; (2) the loading of the ocean -bed through 
denudation of the land-surface. 

(1.) As to the cooling of the earth : The temperature of the 
rocks near the surface, being the temperature of space modified 
by the heat from the sun’s rays, is practically constant ; so 
that those rocks will not contract. All other layers of the crust 
will cool and contract at rates varying with the depth. The 
volume of the layers in which cooling is greatest will, after con- 
traction, be too small to fill the space into which the layers fall, 
and they will therefore be pressed out by the weight of the rocks 
above them. But the upper strata, which cool less quickly, will 
be too large to fill the space into which they fall, and their sur- 
face will accordingly be crumpled. The effect will be to pro- 
duce a series of elevations and troughs (anticlinal and synclinal 
folds). The folding or crumpling is determined partly by pre- 
viously existing lines of weakness, partly by inequality of ver- 
tical pressures due to differences of texture and density in the 
upper layers. Unequal vertical pressures on adjoining portions 
of the earth’s crust will cause unequal lateral pressures, and a 
tendency for the rooks to “ creep ” or move horizontally in order 
to repack themselves in a more stable condition. This lateral 
thrust, again, may produce fractures, reversed faults, and eleva- 
tion of those strata which are less dense or subject to a smaller 
vertical pressure. Obviously, earthquakes will occur whenever 
any of tWe movements are sudden in chAracter. 

(2.) ** Loading ” ; Another cause of folding is the trans- 
ference of material from the land-surface to the bottom of the 
sea by the agency of rivers : the pressure ^on the strata un- 
derlying the land will be thereby relieved, and the pressure on 
the floor of the ocean will be increased. There will thus be a 

* In the 1866 earthquake the angle of tilt could not have been less 

than 4 seconds, and mayl^ve been as much as 10 seconds. 
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folding of the strata near the junction of the land- surface and 
the ocean-bed, which may continue until fracture takes place, 
the strata on the land side moving up, and those on the ocean 
side moving down. The displacement of the strata will form 
a normal fault After the fracture the two faces of the strata 
will continue to slip and to slide one over the other so as to 
increase the amount of displacement The slipping may go 
on very gradually, but from time to time sudden slips will 
probably occur, and these will produce earthquakes All the 
recent earthquakes in New Zealand have been followed by 
other shocks, showing that the slipping of the rocks has con- 
tinued for some time after the principal shock. Again, as in 
the case of folding due to cooling, the differences of vertical 
pressure will induce lateral thrusts, tending to cause “ re- 
versed faults ” ; but in this case the tendency will be most 
marked at a considerable depth below the surface, where the 

P ressures are greatest. Subsequent action may raise the 
eeper rocks, and reveal faulting that has occurred ages ago. 
The facts in regard to the folding of the crust are not, of 
course, so simple as they have been stated here ; but, gene- 
rally speaking, all the movements resulting from unequal 
vertical and lateral pressures between the rocks may be 
summed up in the term “ repacking.” 

The evidence already given is perhaps not sufficient to 
establish completely the theory that earthquakes generally 
are connected with fault-movements and similar processes 
of repacking of the strata, but it makes that theory highlj^ 
probable. It must be remembered that the value of such evi- 
dence necessarily depends upon its cumulative weight, and it 
would be too tedious to give a large mass of evidence of this 
kind here Moreover, our knowledge of the position of the geo- 
logical faults in New Zealand is too limited os yet to prove the 
theory from New Zealand examples. Dr. Charles Davison, 
an able British seismologist, has shown in a very careful series 
of investigations the connection between many British and 
European earthquakes and known lines of fault. 

A study of the map of the seismic origins in the New Zea- 
land region (Plate LIV) will strengthen the evidence already 
given in favour of the theory. Before considering these, it 
may be as well to name the nearest known origin outside the 
Now Zealand region. 

On the 27th January, 1892, an earthquake of the inten- 
sity VII-VIII (Rossi-Forel scale) — probably X near the 0rig& 
—was felt over almost the whole of Tasmania, in Victoria 
as far west as Melbourne, and in the south-east part of New 
South Wales, buti not in New Zealand. Ite epioentrum Was 
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about 353 mil as east of Launcr^ton ; it lies on the western 
slope of the Thompson Basin, the great trough in the Tasman 
Sea. The same region contains the origins of at least three 
well-marked Tasmanian earthquakes — namely, those of 13th 
July and 19th September, 1884, and 13th May, 1885. 

From April, 1883, to December, 1886, 2,540 shocks were 
recorded by Captain Shortt, R.N,, of Hobart, and his assistants, 
nearly all being very slight Probably the earthquakes just 
named above were due to the principal movements, and the 
numerous smaller after-shocks or tremors indicated the slight 
adjustments of the Tasmanian land-mass We have yet to dis- 
cover what connection, if any, there is between these and other 
movements in or near Australia and Oceania, and those of New 
Zealand. Most of the evidence available seems to point to the 
hypothesis of a general elevation of the floor of the Western 
Pacific ; but the evidence so far is very meagre and discon- 
nected. 

In the case of the New Zealand earthquakes, on the other 
hand, I think that a careful study of the map and of the facts 
mentioned in the text will immediately suggest the theory 
that our earthquakes are incidents in the historv of folding 
and similar movements that have been going on for ages, the 
axes of the folds being parallel to the general axis of the country. 

The origins of the New Zealand seismic region will be seen 
to arrange themselves in groups as follows : — 

Qroop /.—Earthquakes felt most strohaly on south-east coast of 
North Island; epicentra form a strip ISO miles from the coast, parallel 
to the axis of New Zealand, and to axis of foldmg of older OainoRoic rocks 
in Hawke’s Bay. Chief shocks: 17th August, 1808; 7th March, 1890; 
23fd and 29th July, 1904; 9th Augiist, 1904 (intensity IX on B -P scale), 
8th iSeptemlKJT, 1904 ; prob. 23rd February, 1868 (IX, R.-F ) ; Ac. 

According to Captain F. W, Hutton, F.R.8., the geological 
evidence shows that New Zealand rose considerably in the 
older Pliocene period, and was then probably joined to the 
Chatham Islands. At a later period subsidence occurred, 
followed again by elevation in the Pleistocene period, with 
oscillations of level since. The seismic origins of this group 
are at the foot of a sloping submarine plateau, about two hun- 
dred miles wide (marked B on the map), which culminates 
to the east-south-east in the Chatham Islands. This elevation 
is separated from the New Zealand coast by a trough from 
1,0(X) to 2,000 fathoms in depth, which is widest and deepest 
at A A — that is, between these origins and the mainland. 

^hrowp //.-—(a.) South-east of Otago Peninsula. Shocks: 20t.h No- 
vember, 1872, Ac. 

(b.) A strip south-east of Oamaru. Shooks: February, 1876; April, 

Ae. 
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(c ) Many short and jerky, but generally ^armloBS, quakeg felt m 
O’lnstohurnh, Banks Penmaula, and mid Canterbury. Chief shocks . 
8Ut August, 1870; 27th December, 1888 (VII, K *F.); &c. Focus of 1888 
shock, sixteen miles long, from west-south-west to east-north-east, twenty- 
four to twenty-five miles below surface, being deepest ascertained origin 
in New Zealand region 

These origins form a line parallel to the general axis of the 
land. It IS quite possible that the loading of the sea-floor by 
the detritus brought down by the rivers of Canterbury is a 
contributing cause of the earthquakes of this group. 

Group III — Wellington earthquakes of January, 1855, and Clieviof 
cxrthquakes of November, 1901. 

Remark has already been made as to a possible relation 
between these origins. The great earthquakes of October, 
1848, probably came from the same region as those of January, 
1855, The cliief shocks of both series did extensive damage 
to property, and caused the formation of large rifts in the 
earth’s surface ; they are the only seismic disturbances since 
the settlement of the colony that can bo assigned to degree X 
on the Rossi- Forel scale 

Group I V — (a ) Region about twenty-five to thirty miles in length, 
and, say, ten miles or less m width, ninning nearly north-north-east from 
middle of Lake Sumner, about twenty miles below the surface, whence 
proceed most of the severer shocks felt from Ohristohureh to the Amuri, 
and a largo number of minor shocks Chief earthquakes : Ist February, 
1808; 27th August to 1st Septemlw, 1871 . I4th September and 2lBt 
October, 1878; llth April, 1884; 5th December, 1881 (VIII, R.-F,), when 
(IJhnstchurch Cathedral spire was slightly injured ; Ist September, 1888 
(IX, K.-F ), when upper part of same spire fell, and still more severe damage 
was done m the Amiin district 

(6.) A small, shallow origin not more than five to ten miles below the 
surface, a few miles south of Nelson. Earthquake: 12th FeWuary, 1898 
(VITI to IX, R -F.) ; chimneys thrown down and buildings injuro<l. 

(c.) Origin in Cook Strait, north-north-east of Stephen Island, about 
ton miles wide, and apparently traceable with few interruptions nearly 
to mouth of Wanganui River ; depth, fifteen miles or more. More than 
half the earthquakes recorded m Now Zealand belong to this region; 
earthquake of 8th December, 1807 (VIII to IX, R.-F.), and other severer 
ones come from south-south-west end. 

(d.) An origin near Mount Tarawera, with a large number of moderate 
or slight shocks, most, but not all, volcanic and local in character-— e.g., 
those of September, 1866, and those of June, 1886, which aooompanie<l 
and followed the well-known eruption of Mount Tarawera. 

Those origins of Group IV, (a), (6), (c), (rf), are nearly in 
a straight line on the map ; on or near the same line are the 
origins of earthquakes felt m the Southern Lake district (I6th 
December, 1883, &c.), the volcanoes Ruapehu, Ngaur^oe, 
Tongapo, Tarawep, and White Island. It is evident that 
this line, which, like the rest, is parallel or nearly so to the 
general axis, is a line of weakness or of unstable equilibrium. 
Hence the adjusting movements that have caused earthquakes 
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may have, from time to time, relieved the pressure of the rocks 
that restrained overheated steam and other volcanic agents 
from bursting out, and so may have led to volcanic eruptions , 
just as the series of earthquakes in Guatemala and in the Carib* 
bean Sea in April and May, 1902, were the signs of movements 
in the great folds of that part of the earth’s crust, in the course 
of which, the pressure in the Antillean Ridge being relieved, 
t^ie volcanic forces below Mount Pelee in Martinique, and Mount 
Souffriere in St. Vincent, caused the disastrous eruptions of 
that year, 

O'rottp V , — Off the coast near Raglan and Kawhia Chief shock ; 
24f^ June, 1891 (VII-VIII, R -F,). The line joining this origin to that 
of the earthquake of 1st February. 1882, is parallel to the other lines of 
origins (Groups I t-o IV) ; but we have no data to establish any connec- 
tion between them 


Art. LVII . — Note on the Occurrence of Two Rare and Two 
Introduced Maths, 

By G, Howes, F.E.S. 

[Refid before the Otago InsHttde* Noveviber, 1905.] 

Plate XLIV. 

Asaphodes parora. 

This rare species not having been figured by Mr. Hudson, 
I have sketch^ from a specimen taken in August, 1900, at 
West Plains. Mr. Philpott has a specimen also from West 
Plains, and very much lighter m colour. 

Xanthorhoe subductata. 

I took a 9 specimen of this moth in Dunedin in March, 1904. 
Mr. Hudson mentions svbducUUa as occurring in Auckland in 
December. Mr specimen has Jin. more wing-expanse than 
that described by him, and the lines are fainter. 

Achsea melicerte* 

A splendid specimen of this grand Australian moth was sent 
to me by my brother from Motueka, Nelson. Caught in Feb- 
ruary or March of last year* With tihie two records, first in 1876 
and then from Titahi Bay last year, this should place A, melt- 
certe among oiu established Lepiderj^a, 

Pyralis farinalis. 

This moth has occurred very plentifully in Dunedin the last 
two years, and has apparently become fully established. 
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Art. LVIII . — Some New Speettes of Lepidopteta 
By G. Howes, F.E.8. 

[Read before the Otayo ImiUutef I2ih September, 1905 ] 

Plate XLIV 

Physetica hudsoni. 

^ , 42 mm. One specimen. Antennae, legs, and face bluish- 
grey. Palpi bluish-grey, ochreous beneath. Crown ochreous- 
grey. Patagiae grey margined with delicate blue. Abdomen 
ochreous, tinged with dark-grey dorsally. Anal tuft ochreous. 
Forewmgs light greyish-blue, all lines and markings as if pencilled 
on in darker colouring Costa slightly arched, apex subacute, 
narrow suffusion along costa from base to apex A very jaMed 
transverse line close to base. A jagged transverse line at about 
^ and another at f , approaching each other in centre of wing, 
then bending sharply away and approaching again about centre 
of dorsum. A jagged transverse subterminal line, twice sharply 
dentate, near tomus, A clouded dark suffusion between this 
and line at f along costa Portions of veins lightly outlined 
with darker scales An undefined yellowish suffusion from costa 
to dorsum at centre of wing. Reniform obscure. Orbicular 
faintly shown, being lighter in colour than wing-centre. Cilia 
of forewmgs bluish-grey, slightly barred with grey. Hindwings 
bright-ochre, deepening to dark-fuscous towards termen, edging 
of dull-ochre along costa. Cilia long, ochreous-grey, with a faint 
fuscous basal line appearing very light by contrast with the 
darker cilia of the forewmgs. 

This exceedingly beautiful moth was taken by Mr. Robert 
Gibb at Tuturau, near Mataura, attracted by light. 

I am naming this moth after Mr. G. V. Hudson, as a slight 
recognition of the great good his entomological work has been 
to the southern workers. 

Melanchra beata, n. sp. 

5 , 38 mm. One specimen. Legs, antennse, paipi, and face 
all reddish-brown. Thorax greyish-brown. Abdomen dull-grey, 
reddish below. Anal segment reddish. Forewings : Costa slightly 
sinuate at about J. Apex subacute. Termen sinuate near 
tornus and obliqim. General ground-colour delicate pinkish- 
brown. Three pairs slight dark marks on costa. A series of 
small obscure Mack dots along termen. Orbicular faintly out- 
lined in white, broadly oval, oblique. Clariform triangular, 
posteriorly outlined in white. Reniform outlined in white. A 
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faint light-brown irregular line near termen, ending in a blackish 
three-cornered blotch close to tornus, margined on termmal 
side with white. Cilia light-brown. Hindwings light-brown, 
deepening towards apical portion and towards dorsum. Ciha 
dark-brown edged with white. 

Taken at blossom m November m bush at Ototara, near 
Invercargill, 

Agrotis veda, n. sp. 

(^ , 30 mm. One specimen. Antennae dark-fuscous, bipec- 
tuiated. Palpi light-grey, with dark terminal joint. Thorax 
grey, extra pubescent beneath, tufts prominent. He^id and 
antenor crest dark-grey. Abdomen silvery- grey Slight anal 
tuft. Forewings silvery-grey, with a slight red suffusion Reni- 
form and orbicular are joined and outlined in brown, but not 
complete. A series of slightly darker markings between veinings 
of forewmgs An interrupted brown line showing on costa at 
and again at centre of wing, and as a faint mark on dorsum. 
Cilia grey. Hindwings grey, with faint darker terminal suffu- 
sion. Discal spot crescentic, fuscous. Cilia greyish-white. 

From Motueka, Nelson. 

Leucania obsoleta. 

2 , 37 mm. One specimen. Antenn® ochreous, filiform 
Legs and palpi weyish-ochreous. Legs fuscous beneath. Face 
and thorax dark-ochre. Thorax moderately crested. Abdo- 
men dull-grey ; anal segment paler. Forewings uniform light- 
ochre. Veins plainly outlined in grey. Orbicular and remform 
obsolete. Slight dark shading fiom base to half-way along 
wmg-centre. Termen very slightly sinuate near apex. Hind- 
wings uniform fuscous, with cilia light-oohreous as m forewings. 

This moth appears to be close to L, arotis, but differs in 
coloration, m the absence of dots on the forewings, and in its 
pale-oohre cilia. 

Taken in December in Dunedin. 


EXPLANATION OF PLATE XLIV. 
Fig* 1- PhynHea hudsoni. 

Fig. 2. Mmnchra beata. 

Fig. 3. AgtoMii veda. 

Fig. 4, Mdamhfa phriceae. 

Fig. 3. jUucania obmlita. 

Fig 6. Aeaphodee parora. 

Fig. 7. XanSkorhm eubductaia. 

Fig. S. Achma mdicerte* 

Fig. 9. PyrtUis ftmmlie. 
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Akt. hlX,-— The Effect on Teni'perature of Molecrdar Association 
and Dissociation. 

By S Page. 

\Head before tht Pbtlosophtcal Imtiiute of Canterhvry^ Cth Septewher, 1905 ) 
In this paper it is proposed to show that m certain chemical 
reactions much of the temperature-change may be due to a 
source overlooked in Berthelot’s fundamental proposition as 
stated in 1879— viz., “ The heat disengaged m any reaction is 
a measure of the chemical and physical work done in that 
reaction.” In recent criticism of Borthelot’s proposition this 
source appears to remain unnoticed. 

According to the kinetic theory the temperature of any 
given gas is proportional to the mean square of the molecular 
velocity, and for different gases the temperature is proportional 
to the average kinetic energy of translation of the molecules. 

If we mix equal volumes of two different gases without any 
temperature-change resulting it can be shown that mnu* *= 
where m and v represent the mass and average velo- 
city of the molecules in the one, and m, and the corre- 
sponding quantities in the other, gas. That is to say, at the 
same temperature the average kinetic energy of translation of all 
gaseous particles must be the same whatever be their masses. 

If we have two gases with molecular masses of m and ^ 
respectively, then, where their average molecular velocities are 
equal, their respective kinetic energies are as 2 : 1 , and their 
reapective absolute temperatures therefore as 2 : 1 , Let us apply 
this, in the first instance, to those numerous cases in which 
gaseous molecules when heated split up into two or more parts, 
reassociating on cooling— water, carbon-dioxide, ammonium- 
chloride, nitrogen-peroxide, &c The dissociation absorbs heat, 
while the reassooiation, promoted by cooling, gives out heat. 

Consider the case of N 2 O 4 — nitrogen-peroxide : If this gas 
be heated above 0° C. some of the molecules split into two parts, 
as is shown by the lessened density. Disregarding any work 
done in bringing about this disruption, and further neglecting, 
for the present, any change in the internal energy of the mole- 
cule, we may fairly assume that the sum of the kinetic energies 
of translation of the two parts must be equal to the kinetic 
energy of translation of the original molecule. But each part is 
now an independent molecule, having half the kinetic energy 
of translation of the molecules around it. So vnv"^ has become 
2 X f 0 ^, and therefore each NO^ molecule in impact with the 
rest will have its velocity increased, and will not be in equi- 
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librium until its original velocity is doubled ; for 5^/ to be equal 
to mr*, v/ must be equal to 2v^. In other words, heat will be 
absorbed by the dissociation. Bach molecule that dissociates 
is thereby reduced to half its original absolute temperature, if 
the term “ temperature *’ can be applied to individual molecules. 

The internal energy neglected above may be a disturbing 
factor. If the sum of the internal energies of the two new 
molecules is less than that of the original molecule, the difference 
will be added to the external translation energy, and the fall of 
temperature may be less than given above. 

As for the quantity of heat which appears or disappears in any 
given case, this will obviously depend upon the initial tempera- 
ture, increasing and decreasing with it. For instance, in the 
oxidation of CO into COj the number of molecules decreases 
by one-third, the kinetic energy of the vanished molecules is 
divided amongst those which are left, and hence, neglecting any 
heat produced by chemical attraction, or absorbed as intenial 
energy in the more complex new molecules, the temperature will 
rise one-third. Supposing the initial temperature to be 600° C., 
the final temperature will thus be 800°, a rise of 200° which does 
not represent any chemical or physical work done in the reaction. 
If by the use of catalytic agents or otherwise the reaction could 
be carried out at a temperature of 60° the rise would be 20° 
only. If, on the other hand, the reaction could take place in an 
arc lamp at^ say, a temperature of 3,000° C., the rise of tempera- 
ture would be 1,0(J0°. The quantities of beat disengaged would 
be proportional to the temperature-rise. Hence it would appear 
that heats of combustion of gases, in all cases where the number 
of molecules alters, should vary with the initial temperature of 
the experiment, and should be affected also by any rise of tem- 
perature during the experiment. A difficulty in calculating the 
amount of this effect in any given case may arise in this way ; 
In reactions accelerated by beat those molecules with velocities 
above the average may suffer change more readily than the 
rest, introducing an uncertainty as to the true initial t/cmperature. 

If a gaseous molecule could be split up into parts small 
enough, the temperature of these parts might be reduced nearly 
to absolute sero without anv reduction of molecular velocity. 
Supposing, for example, the alpha particle separated from a mole- 
cule of ramum at (f C. to have a mass of <ti the original mole- 
cule, and to split off without# gaining or losing velocity, its kinetic 
energy would be xiu original molecule, and would 

correspond to a temperature of 2‘T3° absolute. It would appear, 
then, that if association or dissociatidn could be carried on suffi- 
cient far in a given mass, the tempcwiture of that mass may 
alter to any extent, its kinetic ener^ remaining the same. As, 
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approximately, the specific heat of gases under constant ptessur© 
is inversely proportional to their densities, any dissociation should 
proportionately increase the specific heat. 

Reasoning similar to the foregomg can be apphed to liquids, 
though with less certainty, and perhaps also to solids Assum- 
ing it to be thus applicable, and neglecting the internal-energy 
factor, the following relations should hold : — 

1 Whenever, in a given mass undergoing chemical change, 
there is an increase or decrease in the number of molecules, there 
is a proportionate decrease or increase of the absolute tempera- 
ture. 

2. The temperature of a given mass may be altered apart 
from external conditions, thus . (a) by conversion of potential 
(inergy of chemical affinity into kinetic energy, and %n>ce versa ; 
(h) by conversion of internal energy of a molecule into external 
energy, or vice versa , (c) by association or dissociation of mole- 
cules, including ionization ; (d) by dissociation of atoms, as in 
radium 

3. The temperature of a giv<*n mass remains proportional to 
the sum total of the kinetic energy of translation of its particles 
only so long as the number of particles remains constant. 

4. Evolution of heat in a chemical reaction is not necessarily 
svnonymous with production of energy, but may be due merely 
to the distribution of the original energy amongst a greater or 
smaller number of molecules 

The displays of light and heat so familiar in cases of chemical 
combination suggest the idea that chemical actions take place 
only when heat is evolved by them. This idea was given definite 
expression by Thomsen, and later by Berthelot, thus : “ Sub- 
sfcauoes which can act (jhemically upon one another tend, when 
loft freely to their mutual action, to produce that system which 
is formed with the greatest evolution of heat.” This statement, 
however, has been foiuid to be much too general, and is no longer 
defended in its entirety, many cases being known in which heat- 
absorbing reactions occur spontaneously. On examinmg some 
of these endothermic reactions, however, it will be found that 
there is quite a possibility that they are really exothermic after 
all, so far as the chemical reactions are concerned. Some, if not 
all, of the apparent loss of heat is obviously due to mcrease in 
the number of molecules — e.f/., solid Glauber’s salt mixed with 
concentrated hydrochloric acid liquefies spontaneously, and cools 
down many degrees. On writmg the equation a large increase 
in the number of particles becomes evident — NajS 04 . 10 H^O 
H- 2HC1 » 2 NaCl-fHjS 04 -t- 10 Hj, 0 . Allowing for ionization, 
there is an increase of particles in the ratio of about 17 to 6. 
Hence, even though the transformation be far from complete, 
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there is a considerable increase in the number of molecules, or 
ions and molecules, and therefore a considerable decrease in 
temperature, quite apart, from that due to chemical energies. 

In connection with Van*t Hoff^s finding that the principle of 
maximum work stated by Rerthelot is the more nearly correct 
the nearer the temperature of reaction is to absolute zero, and 
that at absolute zero it would be correct, it is perhaps worth 
pointing out as a coincidence that the apparent heat'clianges due 
to formation or disappearance of molecules become proportion- 
ately less as the temperature of reaction is lowered, and vanish at 
absolute zero. 

If the temperature of solids is proportional to their molecular 
kinetic energies, then, neglecting the mtenial-energy factor, the 
capacity for heat of equal numbers of molecules should be the 
same irrespective of their masses. Hence the specific heat of 
solids (other things being equal) should be inversely proportional 
to their molecular weights The specific heats of the solid ele- 
ments, however, are proportional to their atomic weights, which 
suggests that the solid elements with normal specific heats have 
the same number of atoms per molecule. 


Art. lx. — The Resistance of Steel to Mechanical Shocks and 
the Determination of Material suitable for Machinery. 

By Professor Soott, Menib.Inst.O.E , Canterbury College. 
[Read before the Philosophtcjal ImMtUe of Canterburi/, 2nd August^ ltK)5.] 
From the earliest days the worker in steel has applied some 
test to insure that his labour might not be expended on worth- 
less material. The blacksmith tests the quality of the iron 
he uses by nicking and breaking over the anvil, being guided 
to his conclusions by the force of the blows necessary to efiect 
the fracture, and by the appearance of the broken surface. 
This test, crude as it may appear, is, in the hands of an ex- 
perienced man, a more reliable indication of the suitability 
of the material for the manufacture of machine-parts than 
many of those tests which it has been customary for engineers 
to specify, and which entail the use of a large and expensive 
plant. In fact, this test, in a standardised form, is an accurate 
measure of the relative capacity of metals for resisting “ shook.” 

The introduction of the systematic testing of the materials 
of construction is of very recent date, and had its origin in the 
experiments on the strength of structures so often made by 
engineers in the early part of the last century, and rendered 
necessary by the development of important works at a more 
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rapid rate than the theor}" of applied statics and dynamics. 
As the theory developed, cumbersome full -sired experiments 
were replaced by those on models, when it became evident 
that if the physical properties of the material were accurately 
known experimental work would in ordinary cases be unneces- 
sary. 

Machines had been made for the proof testing by “ pulling ” 
of chain cables, suspension-links. &c., and only trivial modi- 
fications m design were required for the production of smaller 
appliances suitable for testing specimens of the material it 
was proposed to use A period of refinement brought the 
sensitiveness of such machines up to 1 in 20,000, and instru- 
ments capable of measuring extensions as small as 
were constructed. With these it was ascertained that on being 
progressively loaded a bar of iron or steel is practically elastic 
up to a point of loading known as the “ elastic limit,’* and 
imperfectly elastic up to a further point known as the ** yield- 
point ” ; at this point it suddenly breaks down, extending" 
rapidly without further loading, then hardens, and the ex- 
tension increases with-- but more rapidly than— the load, being 
partially ‘‘ elastic,” but for the most part “ plastic,” until the 
point of maximum load is reached, when the material begins 
to flow, coiitra<}tmg rapidly until it fails at a lower total load 
than the maximum, but at a greater stress per unit, of the now 
reduced cross-section 

This behaviour is most readily shown by means of a dia- 
gram, similar to that drawn bv the autographic recorder with 
which most testing- machines are equipped, in which the co- 
ordinates represent the extension of, and the corresponding 
load upon, the tested piece 

In such a tost the ultimate and 
^ ^ elastic strengths of the material are 

obtained, together with its extension 
35 and contraction of area ; the latter 

are measures of its ductility. The 
^ test usually required by engineers is 

o of this description, and must satisfy 

^ certain specified values. 

In quite the early days of tensional 
testing It was noticed that metal 
0 which had given excellent results on 

^ test often failed under a oompara- 

j tively low load in service, and that 

^ such failure occurred when the load, 

“i" or some portion of it, was a live 

ExT-EiNisioisi one. It might naturally have been 
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expected that if the Btress engendered by a live load exceeded 
the olaBtic strength of the material, failure must eventually 
result from the accumulated plastic extensions ; if, on the other 
hand, the elastic hmit was not reached, that the piece would 
be safe. Many failures, however, occurred in which by no 
method of computation could the material be shown to be 
loaded above its elastic strength 

This apparent anomaly led Wohler and subsequently Ban- 
schinger and others to investigate the eflect of repeated and 
alternating stress, or, in other words, of “ fatigue,” on materials. 
These investigations have resulted m establishing that the 
” physical constants ” of a bar are the cumulative result of its 
” life hislory,” and that its elastic hmit may be artificially raised 
by overstrain or cold rolling, but that such an elastic limit is 
exceedingly unstable, and may be reduced to a very low value, 
or even zero, by heating, hammering, or alternation of load- 
ing It can be seen, therefore, that failures by repeated loading 
within the nominal elastic limit may be explained by the as- 
sumption that the limit was an unstable one. 

Further, Wohler and Bauschinger found that with gradu- 
ally applied repetitory or alternating loads the range of stress 
which the bar is worked over is the principal factor in its en- 
durance— the smaller the range, the greater the load which can 
be carried — and that the relationship between the statical 
breakmg-strength ((), the breaking-strength when tlie load is 
altogether removed and again reapplied an unlimited num- 
ber of times (t/), and the breaking-strength when the load is 
completely reversed (to the same magnitude but opposite sense) 
an imlimited number of times («), w t :u : 9 :: 3:2:1 

Many formulae have been devised to fit the results of these 
experiments. Qerber showed that if the minimum stresses were 
plotted as abscissae, and the corresponding limiting ranges of 
stress as ordinates, the points fell upon the curve of a parabola. 

On the basis that many of Wohler’s experiments gave the 
ratio of < : u : s : : 8 • g ; 1, l4aunhardt and Weyrauch con- 
structed equations, the former for the limiting ranges of re- 
petitory, and the latter for the limiting ranges of alternating, 
loading. These formute have been very generally used, but 
on plotting the results given by them it will be found that the 
curve is non-oontinuous, there being a change of direction at 
the one stress »ero-point. There are also other anomalies. 

Some years ago ^e writer disoi^ered that If the more cor- 
rect values of the relationship of e, u, &; s of t ; d . : 3 : 2 : 1 
be adopted, the equations of Launhaxdt and Weyrauch reduce 
to the common form of ^ 

a - |t (1 + 
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This formula may be always used when the statical breaking- 
strength (t) of the matenal is known, and gives, in terms of the 
ratio of the least (L rnin ) to the greatest (L max.) load on the 
piece, the limiting stress (a) per unit of cross-section. 

In appl}'ing the formula to arrive at the safe working-stress 
(h), a factor of safety (say, 3) should be adopted. Further, 
this formula fits intermediate experimental results, and if the 
minimum stresses be plotted as abscissee and the corresponding 
ranges of stress as ordinates the points lie upon a parabola. 



For sonic years after the pubhcation of Wohler’s researches 
it was believed that the problem of the working-strength of 
iron and steel had been satisfactorily solved ; but the frequent 
failure of matenal of presumably stable elastic limit within the 
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ranges of stress prescribed as safe soon raised a feeling amongst 
engineers that the theory was incomplete, the more so that test 
specimens cut from close to the plane of fracture usually gave 
normal elongation, contraction of area, and elastic limit (The 
writer has himself tested with such results many samples from 
fractured gun-mountings, drawhooks, chains, crank-pins, piston- 
rods, &c.) To account for such failures, the theory was ad- 
vanced that the fatigue had been localised on planes of such 
minute thickness that their influence on the physical constants 
of the specimen was so small as to escape detection in ordinary 
testing. It was pointed out that the presence on a stressed 
piece of an initial, scratch, flaw, or tool-nick must lead to a 
crowding of the stress-lines m its immediate neighbourhood 
which might easily result m overstrain there ; with repeated 
loading the portion so overstrained must eventually fail, and 
a further crowding of the stress-lines and a further development 
of the flaw take place, and in this w^ay progressive fracture 
would ensue. (See fig 3 on next page.) 

Now, although this may happen, this theory in no way 
accounts for the fact that material which has given most ex- 
cellent results under tension test sometimes fails after having 
been in service for a period far too short for fatigue fractures 
to develop. In fact, the failure of a number of steel plates by 
falling a few feet from a orane-slmg, after strips cut from them 
had given normal results in the testing-machine, led to the 
important discovery by Mr. Seaton that these otherwise un- 
accountable failures only occur when the piece is subjected 
to “shook,” and that the capacity of steel to resist shock— or, 
in other words, its anti-brittleness — appears to be in no way 
guaranteed by the passing of a satisfactory tensional test. 

Pure carbon steel may be considered to be a solid solution 
of carbon in iron, and its principal properties can be illustrated 
in no better manner than by the commonly used analogy of the 
behaviour of solution of common salt in water. Guthrie has 
shown that by the addition of salt to water its freezing-point 
is lowered : the larger the percentage of salt up to about 23*6 
per cent, the lower the freezing-point ; for water containing 
23 5 per cent, of salt it is 22® 0. If there be less than 23 6 per 
cent, of salt in solution, on the temperature being lowered ioe- 
orystals will first form ; a portion of the water thus crystalliz- 
ing out, the solution becomes stronger, and a further lowering 
of the temperature is required before further crystallization 
can take place. In this way the percentage of salt in the resi- 
dual solution is increased as the temperature is lowered, until 
•r- 22® C. and 23'6 per cent, of salt is reached ; at this point 
the water and salt crystallize out side by side, forming the cryo- 
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hydrate or eutectic of salt and water, and the result is evidently 
crystals of pure ice surrounded by the crystals of the cryo- 
hydrate. 


On the other hand, if the percentage of salt originally in 
solution were greater than 23*5 per cent., on the temperature 
being lowered salt-crystals would first form, and the solution 
being thereby weakened, a further lowering of the temperature 
would again be required for a further deposit of salt-orystalt 
to occur, and this action would continue until — 22^ C. and 
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23 6 per cent of salt was reached, when, as before, the salt and 
ice crystals would separate out side by side, forming the in- 
timate mixf/ure, the oryohydrate or eutectic ; but in this case 
we should have crystals of pure salt surrounded by crystals 
of the eutectic 

At each stage of the sohdification there would be a retarda- 
tion m the fall of the thermometer, which on reaching — 22° C. 
would remain stationary till the whole mass solidified. It 
is evident that for all mixtures other than 23 5 per cent, there 
are at least two distinct retardations — the first, dependent 
on the strength of the solution, occurring when the crystals of 
ice or salt commence to separate out ; the second, when the 
formation of the eutectic begins. Where the solution is ori- 
ginally of eutectic proportions (23*5 per cent, of salt) only the 
latter point of retardation occurs, there being no crystalliza- 
tion until — 22° 0 18 reached. (The matter may be made clear 
by reference to fig. 4 ) 


1 «g 4 
c 

ao* 



-JO*' — 

WATCR mo 90 T««r TO 60 X 

BALT O /O 30 AO/^ 

Now, the behaviour on cooling of a liquid solution of carbon 
in iron is very much that of the salt-in-water solution— if there 
is less than about 4*5 per cent, of carbon present we have first 
the seyarating-out of the iron, and then the solidification of the 
eutectic of iron and carbon. If there is more than 4*5 per cent, 
carbon present in the liquid solution the graphite first separates 
out, then when the temperature has fallen sufficiently the eu- 
tectic, the solution being by this time of euctotic proportion. 
If originally of eutectic proportion (4*5 per cent, carbon) there 
is only one point of retardation and solidification. But there 
is this great mfierence between the ice and the iron : the latter, 
on account of the high temperature at which it solidifies, re- 
tains a certain amount of carbon after it becomes solid. Hence 
there is a solid solt^tion of carbon in iron which introduces fur- 
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ther changes after the iron has cooled to a temperature at which 
it 18 no longer capable of retaining dissolved carbon as such. 
This explains the existence of somewhat similar curves in the 
lower portion of fig 5. 

r.g 5 



In this solid solution, with changes of temperature actual 
changes of structure take place, and on cooling crystallizing- 
out of its constituents occurs, accompanied with character- 
istic retardation of fall of temperature. The loci for vary- 
mg proportions of carbon of such retardations, known as the 
Arg point, the Ar. point, and the Atj point, are shown by the 
lower curves on the figure 

Taking a steel of, say, 0 15 per cent, carbon at a tempera- 
ture of 1,000° C., such steel at that temperature will be in the 
form of a solid solution of carbon in iron ; allowing it to slowly 
cool, on its temperature falling to about 850° C. pure iron will 
separate out in the form of ferrite-crystals — in much the same 
way that the ice-crystals formed in the water-and-salt solu- 
tion. This action will go on until the temperature has dropped 
to about 760° C., when a second point of retardation marks 
a magnetic change in the iron. 

Crystallization out of the ferrite still continues until at a 
temperature of about 680° eutectic proportions are reached* 
At this the critical point, Ar^, the carbon, in the form of the 
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carbide Fe-^C, separates out alongside the femte, forming the 
eutectic of iron and carbide of iron known as “ pearlite.” We 
thus have as the final condition of our material fcmte-orystals 
imbedded in a matrix of pearlite which itself consists of an 
intimate mixture of iron and carbide of iron 

When the steel contains above 0*35 per cent, of carbon 
the At 3 and At 2 pomts are merged in one 

A steel containing 0*9 per cent, of carbon is of eutectic proper* 
tiouB : there is consequently only one point of retardation — 
the Ar or carbon point, at 780° C. — and no separating- out of 
ferrite crystals, the resulting steel being wholly pearlite. 
If the steel contains more than 9 per cent, of carbon, still fol- 
lowing the analogy of the salt-and-water solution, the carbide 
Fe^C (cementite) first forms, then the pearlite, and the re- 
sulting steel consists of cementite in pearlite with no free ferrite- 
crystals. 

If a steel, instead of being slowly cooled, is quenched from 
a temperature the value of which is disputed, but which the 
writer considers it rational to suppose should be just above the 
Ar , point, and hence dependent on the percentage of carbon, 
no time is given for the changes, indicated by the curves, to 
occur, and the material is retained in practically the same state 
as it was in at the quenching-temperature, the carbon remain- 
ing in its diffused or hardening condition. Steel so treated is 
fully hardened. To such quenched steel the name of “ martens- 
ite 18 given ; if of eutectic proportions, “ hardenite ** 


Fig 6 



rernl-e 1 1 Pearli>e LuiMartensUe Cemenhi-e 


The diffusion of carbon in steel has never been better illus- 
trated than by an experiment performed last year by Mr. Stead. 
Six bars of varying carbon content were made coarsely crystal- 
line by very slowly coohng down in the heart of a ladle of molten 
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blaat-furnace slag Then all of them were heated at one end to 
a little above 1,()(X)® and kept eomparatively cool at the other 
extrerruty The temperatures at equal intervals along the bars 
were measured by a diatalier pyrometer. After heating until 
the temperatures were constant each bar was quenchefl in cold 
water, ground bright, polished, and etched, and micro-photo- 
graphs piepared Fig 6 shows the result 

In the cose of No. 1 bar (pure iron) there is no apparent 
change of structure until a temperature of 870° C. is reached. 
Then reorgamzatiou is apparent, the crystals becoming smaller. 

No, 2 Bar (0 2 per cent, carbon). —In proportion as the tem- 
perature has exceeded 750° C. so the carbon has diffused from 
the carbide areas (pearlite) into the surrounding ferrite, until 
at about 1,000° (I the diffusion is (complete (martensite). It 
will be noticed also that the breaking-up of the ferrite-crystals 
occurs, as before, at the Atj point. 

No. 3 Bar (0*4 per cent, carbon). — Diffusion is complete at 
about 830° C 

No, 4 Bar (0-6 per cent, carbon). —Diffusion is complete at 
770° V. 

No 5 Bar (pure pearlite (saturated) steel wliich contains 
0-9 per cent, carbon). — Diffusion or solid solution is complete at 
Atj point, 690° C 

No, 6 Bar (14 per cent, carbon) — The excess of cement- 
ite shows here Diffusion is complete at 1000° C. (Ar^ point). 

On the figure the writer has drawn lines, the loci of the 
Arg points, for the different percentages of carbon contained in 
the bars, and it is remarkable to note how nearly this compara- 
tively rough experiment of Mr. Htead’s agrees in each case with 
the theoretical point of diffusion. 

From the foregoing it will be seen that steel, instead of being 
the homogeneous material it is popularly supposed to be, in 
reality partakes more of the nature of a crystalline rock; and 
this 18 especially true of the normal low and medium carbon 
steels so much used for constructive work and machine details. 
When the complex nature of its structure is taken into con- 
sideration it appears probable that such steel may break in 
more than one way ; and apparently this is the case, for when 
broken by a gradually applied tensional or repeated or alternated 
load there are invariably present in the neighbourhood of the 
fracture the slip planes between the particles first noticed by Pro- 
fessor Ewen and Mr. Rosenhain, but slip planes have not been 
found in any case where the fracture has been due to shock. 

That capacity to resist shock is a property distinct from 
that of resistance to progressive loading is shown by the follow- 
ing tables of the results of experimeuts conducted by Mr. Seaton^ 



Scott — Resistance of Steel to Mechanical Shock. 625 

Captain Sankey, and the writer. The impact test adopted by 
Mr. Beaton consists in allowing a tup of 61b. weight to fall 
through 2 ft. on a notc hed specimen, of square section, ^ in. side, 
placed on a span of 3 m., the specimen being turned over after 
each blow, its resistance to shock being measured by the num- 
ber of blows required to produce fracture The author lias 
designed and had constructed a machine for carrying out the 
same test. Tliis tester is illustrated by Fig 7 



The machine used by Captain Sankey is on the Ohorpy 
principle as modified by laod, A comparatively friotionless 
pendtdum with light rod and heavy bob is allowed to fall freely 
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to the bottom of its swing, where it encounters a uotohed speci- 
men, the work done breaking which is readily obtained, as the 
angular distance bv which the pendulum fails to rise to the 
height whndi it attains when swinging freely is recorded by a 
pointer. 

The following tables are extracted from results published 
by Messrs Heaton and Jud<‘ and Captain Sankey. (The ex- 
periments at (^intcrbury College are not yet complete. They 
will appear as a supplement, to this payier). 
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Sankey (Table II). 
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That the iinpaet teet on notched bars is of marked value 
has been fully demonstrated by the cleanng up by this method 
of testing of much of the mystery which has surrounded the 
results of the oil hardening and tempering of steel. 

Oil tempering as generally practised for guns, axles, &c , 
consists in heating to about 850^0, then quenching in oil at 
80^ C , after which the material is reheated to between 550® 
and 650® (' By the first heating (to above the Arg point) fine- 
ness of structure is obtained, and bv the quenching retained. "By 
the second heating (to below the Atj point) any mechanical 
stresses due to the quenching are removed, the hardening carbon 
converted into cement carbon, but the fineness of structure is 
unaltered Practice has proved that steel so treated is safe 
for gun-construction, and when not so treated unsafe. Yet the 
tension tests show only an increase of strength and ductility by 
oil tempering of something between 5 and 30 per cent. 

The improvement in the material is out of all propor- 
tion greater than that indicated by these values; and Mr 
Heaton, applying his test, finds that by so tempering, the im- 
pact strength of the steel, as measured by the number of 
blows required to produce fracture, is increased to between 500 
and 600 per cent, of that of the untempered steel in its best 
condition. 

Messrs Seaton and Jude also find that oil tempering has the 
property of levelling up the ** shock ” strength of steel to a 
fairly constant quantity. Two articles may have been made 
from the same grade of steel owing to difference of heat treat- 
ment in manufacture one may be coarsely crystalline and 
dangerously brittle, the other fine-grained and tough. Oil 
quenching will bring the shock strength of these up to a common 
value — the uicrease in one case being measured by thousands 
and the other only by hundreds per cent 

Since it would appear that the failure of steel members 
may be brought about by (1) statical overloading, (2) fatigue, 
(3) shock (the effect of which is apparently cumulative), it 
would seem rational that for all practical purposes material 
should be tested in the same manner as that in which it is to 
be loaded when in use. Thus, for structural work, where only 
a dead load is to be carried, a tensional test is sufficient, for 
from this in all but special cases the compressional, cross-bend- 
ing, and shearing strengths can be computed. For structural 
work with gradually applied live load the tensional test is again 
required, as from this and the ratio of live to dead load the 
working-stress permissible, with security against fatigue, is ob- 
tained. 



Seaton and Jddk — (Table II)** 
itiB of Oil Quenching at ahotU 800 ° C. 
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Dangtitous brittleness can be guarded against by the impa(5t 
test. For rails, axles, ordinance, and all moving parts of 
machines and engines the impact test is of primary importance 
(it has been calculated that 85 per cent of the parts of a modern 
high-speed engine are subject to shook) ; tensioual tests must, 
however, also be made to obtain the data necessary for guarding 
against the effects of fatigue 

In conclusion it may be pointed out that no uncertainty 
need now exist as to the state of a fractured hook, chain, or 
matihine part. A “ shock ” test will at once make clear wli ether 
the piece failed under overload, or was in a dangerously brittle 
condition. Furth )t, the condition of existing parts and the rate 
at which the shock strength of axles, rails, tires, piston-rods, 
crank-pins, and chains is being used up can be readily ascer- 
tained, and the parts withdrawn from service before failure, 
possibly disastrous, ensues. 

The object of tins paper being to direct attention to and 
place m a condensed form some recent developments in the 
theory of steel, contemporary literature, such as “ Harbord’s 
Steel,” and the proceedings of various scientific bodies, has been 
liberally drawn upon. 


Art. LXI . — The Portobello Marine Fish-hatchery and Bm- 
logiml SMion. 

By Geo. M. Thomson, F.L 8 

[RfOd before the Otago \&th November ^ 1905] 

PUlos LV-LIX 

I. Historical. 

On the 8th October, 1895, the author, who had previously 
been in correspondence with Dr. Fulton, Scientific. Superin- 
tendent of the Scotch Fishery Board on the subject, read a 
paper before the Otago Institute on “ New Zealand Fisheries, 
and the Desirability of introducing New Species of Sea-fish.” 
In this paper the possibility of introducing the cod, the her- 
ring, the turbot, and the edible crab of Britain was considered, 
and the cost and style of the requisite buildings for a hatchery 
were outlined. After the subject had been discussed th? de- 
sirability of establishing such a hatchery was affirmed, and 
a committee, consisting of Messrs. A. Hamilton, J. 8. Tennant, 
and the author, was anointed to report on the best site for 
the proposed station. The oommittec handed in their reoom« 
mendations at a meeting of the Institute held on the 12th May, 
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1896. It was considered that any place within Otago Harbour 
would be unsuitable and undesirable for the station, because 
“ the whole area inside the Heads is systematically fished by 
seme nets and lines, and is liable to constant disturbance by 
traffic and harbour- works ” Accordingly, attention was directed 
to the various inlets and bays near Dunedin, but outside the 
Hoads, and Purakanui was selected as realising nearly all the 
conditions reepared The report met with the hearty ap- 
proval of the Institute, which appointed a committee, consisting 
of “ Mr. A. Hamilton, Professor Parker, Dr Don, Mr F R. 
Chapman, and Mr Oeo M Thomson, to confer with a com- 
mittee of the Otago Acclimatisation Society and with members 
of both Houses of the Legislature, with a view to taking such 
steps as will lead to the establishment of a marine fish -hatchery 
at Purakanui.” 

On the 3rd June, 1896, a meeting of those referred to was 
held m the Town Hall, and was attended by the Hon. W. D. 
Stewart, M L.C , the Hon W M Bolt, M.L C , the Hon. John 
MacOregor, M.L.C , James Allen, M H R , Messrs A C. Begg 
and James Edgar, representing the Otago Acclimatisation 
Society; and Messrs A Hamilton and Geo. M. Thomson, re- 
presenting the Otago Institute It was felt that before the 
Government could be approached, more definite information 
on the scheme was required The committee accordingly 
entered into communication with the Amencan Fish Com- 
mission, and with Dr. Fulton of the Scotch Fishery Board, 
and the latter gentleman undertook to carry out expenments 
at the Dunbar Fish-hatchery with the object of ascertaining 
how long it would be possible to retard the hatching-out of 
the eggs of sea-fishes The Otago Institute voted a sura of £10 
to cover the expenses to be incurred m these experiments. 
Owing, however, to the transference of the Scotch Board’s 
operations from Dunbar to the Bay of Nigg, near Aberdeen, 
these experiments were never carried out. 

The whole question of the fish-hatchery was again brought 
up by the author m more definite form before the Institute 
and the Acclimatisation Society early in the following year 
(1897), and each of these bodies voted £250 towards the esta- 
blishment of the station, conditional on the Government 
grafting a similar sum for constniotion, and undertaking to 
carry on the station for a term of, say, ten years. It was felt 
that any work of the kind, though undertaken locally, was 
really a colonial matter, and deserved colonial assistance, hence 
the latter condition. About the same time Mr. 6. M. Barr, 
C.E,, kindly went down to Purakanui with the members of the 
committee and marked ofi the site suggested for the station. 
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In bringing this matter before the Government, the Hon. 
W M. Bolt, M L C , and Mr. J A. Millar, M H R., acted in 
co-operation with the committee, and during the Beasion of 
1897 the Bum of £750 was placed on the estmiateB “ and voted 
for fifth-hatcheneft and expen»e8 of Expert Ayaon to Canada 
and America.’' But in the letter acnt to the author by the 
Marine Department it was added “ that nothing will be done 
by the Government in the matter of establiBlung hatcheries 
pending the return of the expert.” 

The author wrote to the Marine Department on the 9th 
February, 1898, suggesting that the site marked out by Mr 
Barr for the station should be set apart as a reserve, and ac- 
cordingly in the Gazette of the 23rd September, 1898, there 
apjujared a Proclamation setting aside ” a(Te8 in Purakanui 
Inlet as a reserve for a fish-hatchery ’’ An additional sum 
of £260 was also placed on the estimates for ” fish -hat eh cries ” 

Mr. Ayson returned from his European and American trip 
early in 1899, and in the month of April came south to examine 
the site at Purakanui, and to report on the scheme. No doubt 
a report was sent in to the Department, but nothing definite 
was ascertained about it till, in reply to a question asked in the 
House by Mr Millar, who moved for information as to the 
proposals of the Government, it was stated that ” observa- 
tions as to the summer and winter temperatures of the water 
at Purakanui were required before the scheme could be gone on 
with, and that steps for obtaining these were being taken.” 
As a matter of fact, nothing was done in this matter, nor could 
anything of the kind have been undertaken without a very 
considerable expenditure, as there was no apparatus avail- 
able, and no one on the spot to take observations 

Meanwhile, in December, 1899, Mr. Ayson came down again 
to Dunedin, and on the 8th met representatives of the Otago 
Institute and of the Acclimatisation Society in conference. 
The members present were Professor Benham, Messrs. A. 
Hamilton and Geo. M. Thomson, representing the Institute ; 
Messrs. J. P. Maitland, T. Brown, A. C. Begg, and D. Russell, 
representing the Aoolimatisation Society ; and Messrs. J. F. 
Ayson (Inspector of Fisheries) and 1). H. Hastings (local 
Inspector), representing the Government. The history of the 
movement from its inception up to the date of the conference 
was narrated by Mr. Thomson, who further stated the objects 
and requirements of the proposed station, as follows • 

Objects of the EstaUiskmmt. — (1.) To institute sciontifio in- 
vestigations on the marine fish fauna : (o) Physical— -viz., tem- 
perature and density of the sea at various seasons, depths, 
Ac,, currents, ; (b) biological— -Viz., study of the develop- 
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ment and life-history of the local fishes, their food-supply, &c , 
also of the marine invertebrate fauna. (2 ) To collect and hatch 
out eggs of various local marine fishes and to distribute them. 
(3 ) To introduce and rear desirable species of foreign fishes, 
as well as lobsters and crabs 

BuiMings required.— (a) One or more tidal ponds in which 
to place any fish, native or introduced, while under observation 
and investigation , (h) spawning-pond for ripe fish ; (c) a build- 
ing to serve as a fattening and spawn - collecting chamber; 
(d) a hatching-house containing boxes, ke , in which the ova 
were to be hatched out ; (e) tank-house fitted with boiler, 
engine, and pump ; (/) laboratorv The estmiat^ed cost of these 
buildings, erected on the same scale as those of the Scotch 
Fishery Board at their Dunbar establishment, was £550. A 
curator’s house, with rooms added in which students and ex- 
perts who were engaged in research work could be accommo- 
dated, would also be required 

CoTVtrd. — lt was suggested that the Professor of Biology 
for the time being m the University of Otago be appointed 
by the Government as the honorary scientific director of the 
establishment, and that he be aided by a Board of, say, six 
members— -two nominated by the Government, two by the 
Otago Institute, and two bv the Acclimatisation Society— such 
Board to be elected anmiallv or for such periods as the Govern- 
ment may decide, and to report annually to the Minister at the 
head of the Marine Department. 

After considerable discussion Mr. Thomson’s memorandum 
was unanimously agreed to, and Mr Ayson expressed the 
opinion that the (jovernment would do everything in its power 
to help the two contributing bodies in the movement towards 
the establishment of the hatchery and biological station. 

Up to this point the Purakanui site alone was under dis- 
cussion and consideration , but, apart from the difficulty which 
was experienced in getting to and from the spot and the time 
involved m visiting it, a serious drawback was noted which 
caused the abandonment of the project as far as this site was 
concerned. It was found that after periods of heavy rainfall 
the salinity of the water, especially on the ebb tide, was so 
very much reduced that it might prove fatal to any stock of 
fish — particularly deep-sea fish — which might be kept in con- 
finement there. Accordingly a further examination of the 
coast was made for a new site, and in spite of the original 
objection urged against any spot inside the Heads the site at 
Quarry Point, Portobello, was ultimately fixed upon. 

Nothing was done towards advancing the movement during 
the early part of 1900, for Mr, Ayson and some membm of the 
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local committee were occupied for a considerable time with 
an experimental trawling cruise in the small chartered steam- 
trawler “ Doto '' The coast round Btewart Island, along the 
east coast of both Islands as far north as Haiiraki Gulf, and 
through Cook Btrait to Nelson, was more or less examined. 
On this cruise three members of the committee gave scientific 
assistance— VIZ., Messrs Hamilton, Thomson, and Professor 
Benham. But correspondence was carried on between the 
author and the Marine Department, the latter being very slow 
to make any forward move 

In reply to a question asked in the House of Representatives 
on the 17tb August by Mr J A. Millar, the Minister of Marine 
stated that the £500 voted by the Government was available 
for the building if the Otago Institute and the Acclimatisa- 
tion Society liked to go on with the work. Mr Millar pointed 
out that this could not be done, as these bodies would he saddled 
with the cost of maintenance, which he contended would he un- 
just, seeing that the work was a national one. The Minister 
added that the Government proposed now to place £500 on the 
estimates for the biulding, with the addition of £250 a year 
for five years for the maintenance of the hatchery 

Meanwhile negotiations were commenced to secure the land 
required at Quarry Point, this being part of a reserve granted 
for a tenn of years to a Library Trust, and leased to Mr. A. 
Porterfield, 

Difficulties also arose as to the purity of the water at the 
site selected, hut these were set at rest by analyses made by 
Mr. W, Montgomery, which showed that it was practically 
as pure as ocean water. 

The Minister also objected to the control passing from the 
hands of the Government to a nominated Board, seeing that 
the maintenance of the station was to he provided by the Go- 
vernment. This matter of control still formed the subject of 
discussion, and led to continued delay right on through 1901. 
Meanwhile the Government asked for, and received on the I5th 
June, plans and sketches of the buildings, &c., suggested as 
necess^. These plans were, of course, only approximations, 
as their shape and position would necessarily depend on the 
^ound available, some of which had to be out down and filled 
m. 

In the beginning of September Mr. Ayson came down to 
Dunedin, and in company with Professor Benham and the 
author (representing the Institute), and Messrs. A. Stronaoh 
and D. Bussell (representing the Aeclimatisation Society), the 
l^Sition of the various buddings required at the PortobeUo 
site was agreed upon* 
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The following extract from a letter written bv the author 
to the Sccretarv of the Marino Department on the 7th September, 

1901, shows the unsatisfactory position of those who were urging 
this matter on the Government “ There is one important 
detail which I desire again to bring under your notice None 
of those who interested themselves in this busmess have anv 
status whatever We come and go at our own expense, we 
advise as to work, plans, &c , hut we have no authority to do 
anything If the Minister would form a Board, as suggested, 
with as many Government nominees as is thought desirable, 
we would know exactly where we stand ; at present we are 
only so many private individuals who are consulted by courtesy 
of the Minister and the Marine Department 

The proposals submitted to the Minister were sent down 
to the Public Works Department, Dunedin, and, after the site 
had been carefully surveyed, the District Engineer reported to 
Mr Ayson that he found “ that the works are entirely beyond 
your means To give effect to your proposals will cost between 
£2,5(K) and £3, 000 ” This was in October, 1901, and a little 
later a detailed estimate was prepared by the District Engineer 
giving the cost of construction at £3,000 This seemed to put 
a stop to the whole scheme, but the author was so satisfied 
that this was excessive that when Mr Ayson came down to 
Dunedin in January, 1902, he went over the details with him, 
and got approximate estimates from outsiders showing that, 
even on the jilans submitted, the work could probably be done 
for £1,500 Further, by reducing the scale of the work to be 
undertaken, it was estimated that the cost of construction 
might bo brought down to £1,135 

This view of the matter was pressed upon the Minister of 
Marine, and practically accepted by him, as the following ex- 
tract of a letter from the Department, dated the 13th March, 

1902, shows : “ I have the honour, by direction of the Minister 
of Marine, to state that there is no authority at present to ap- 
point a Board of management with a legal standing, but it is 
proposed to set up an honorary advisory Board for the purpose 
of advising the Department upon any matters concerning the 
hatchery, it being clearly understood that the cost of esta- 
blishing the hatchery m working-order must not exceed £1,100, 
and that the annual working-expenses must not exceed £260« 
The Board will advise the Department as to the expenditure 
of the above amounts, but will not incur expenditure until au- 
thorised by the Department. It is proposed that the Board 
shall consist of one member nominated by the Otago Institute, 
one member noimnated by the Otago Acclimatisation Society, 
the Collector of Customs, the Chief Surveyor, and the District 
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Engineer o( the Public Works Department I am to ask you 
to be good enough to express vour opinion on those proposals ” 

This suggestion did not quite meet the views of the contri- 
buting bodies, and further correspondence ensued Indeed, the 
Acclimatisation Society took such an adverse view of the atti- 
tude of the Minister that, at a meeting held on the 25th April, 

1902, it was decided “ to withdraw the Society’s offer of £250 
towards the cost of the proposed hatchery This difficulty 
was eventually got over, and the vote reinstated 

On the 24th April the Otago Institute nominated the author 
as its representative on the proposed Board , on the 22nd May 
the Acclimatisation Society nominated Mr Robert Chisholm ; 
and on the 9th June the Board was gazetted, its members being . 
Mr. David Barron, Chief Surveyor ; Mr Oharles W S Chamber- 
lain, Collector of Customs , Mr. Robert. Chisholm , Mr Charles 
E. W Fleming, Superintendent of Mercantile Marine ; and 
Mr George M Thomson. 

The first meeting of the Board was held on the 24th June, 
when Mr, George M Thomson was appointed chairman, Mr. 
Chamberlain undertaking to act as honorary secretary and 
treasurer. The Board got to business at once, and proceeded 
to make arrangements for the works required, calling m the 
assistance of Mr J. Blair Mason, C E., as consulting and super- 
vising engineer The necessary excavations and fiUing-in for 
tanks, ponds, &o., was executed by Mr George Mornson, con- 
tractor, Dunedin, and the erection of the caretaker’s residence 
and hatchery building by Messrs. R. Bauchop and Co., of Port 
Chalmers. Progress was very slow for a long time, as all plans, 
tenders, &c., had to be submitted to Wellington before they 
could be undertaken, and it was not till the beginning of July, 

1903, that matters were sufficiently well advanced to necessitate 
the appointment of a clerk of works to supervise the construc- 
tion Out of umetoen applicants for the position, Mr. T. Ander- 
ton was selected. 

By the beginning of 1904 the work was so much advanced, 
though far from being ready to commence operations, that the 
opportunity of the visit of the Australasian Association for the 
Advancement of Science to Dunedin was taken to formally 
open the hatchery. A large party of the members visited the 
site on the 15th January, ana the station was formally opened 
by Professor T. W. Edgeworth David, F.R.S., President of the 
Association. At the meeting of the general council of the Associa- 
tion held on the previous day, a committee, consisting of Messrs. 
C. W. Chamberlain, D. Barron, and G. M. Thomson, was ap- 
pointed “ to investigate the local conditions affecting the food- 
ftupply of food fishes of New Zealand seas at the fish-hatcherj" 
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at Portobello.” Mr Thomson was appointed secretary and 
convener, and a grant of £30 was placed at their disposal This 
amount was supplemented later by the sum of £10 — portion of 
an unexpended vote for marine biological research granted at 
the Hobart meeting 

At a meeting of the Board held on the 8th February, 1904, 
Mr T Anderton was appointed curator of the station, and the 
Board has had every reason since to congratulate itself on the 
appoiiitnlent The maintenance grant of £250 a year from the 
Government came into effect on the Ist April of the same year. 

The total cost of the excavations, buildings, and littmgs 
up to November, 1904, was £1,448 Towards this total the 
Government contributed £850, having voted £250 as a special 
grant over and above the £(>00 formerly promised ; the two 
local societies each contributed £250 , and calls were made on 
nearly all the acclimatisation societies of the colony for assist- 
ance The following alone responded : Waitaki and Waimatc 
Acclimatisation Society, £50 , and the Hawke’s Bay Accli- 
matisation Society, £25 The Canterbury Society expressed 
its readiness to assist with a donation as soon as the Board 
undertook the introduction of food fishes ; and the Ashburton 
Society has also promised to give a sum pro raia as the other 
societies m Canterbury give Financial assistance may be ex- 
pected from several of the other societies when once the objects 
of the station are more fully understood, and the importance 
of the work undertaken is better appreciated. 

The only remaining point to note in connection with the 
history of this movement is that Captain Fleming resigned his 
position on the Board in July, 1905, on his removal to Auckland, 
and that Captain Norman Beaumont, who succeeded him as 
Superintendent of Mercantile Marine, was appointed to the 
vacant position on the Board. 

II. Descriptive. 

The site selected for the fish-hatchery is at the north-west 
extremity of Quarry Point, the peninsula whi^h projects half- 
way across Otago Harbour from Portobello. At no very remote 
date the upper and lower harbours were probably entirely 
separated from one another by an elevated rooky barrier, through 
which subsequently three channels have been formed, leaving 
Quarantine Island and Goat Island as the connecting-links 
which unite the Portobello side with Port Chalmers. A glance 
at the sketch-map (Plate LVII) shows the relative position of 
the headlands, islands, and dividing channels. 

While the whole area of the harbour is probably undergoing 
siltmg-up, in large part due to the elevation of the oast coast of 
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Otago, which appears to be still in progress^ there is still a great 
extent of surface m the upper harbour over which the ebb and 
flow of the tide act. An immense body of wator is thus continu- 
ally passing to and fro through the throe channels which separate 
the two mam basins, and the scour keeps these channels relatively 
deep The conformation of the land also causes the prevalent 
winds to blow with considerable force through these gaps m the 
dividing barrier, and when a strong south-west wind is blowing 
it drives through with immense force 

The position of the hatchery is just at the most easterly of 
these chaimels The site covers acres, but the coast-line is of 
considerable length, owing to its deep md(mtatious The bays 
on the north-west and north sides are extrcunely well sh^dtered 
from the prevailing south-west winds by the high ground out of 
which (hey are hollowed, and two of these bays have been 
enclosed as retaimng-ponds, and for the mam hatc.hery buildings. 

The depth of water immediately outside the mam embank- 
ment at low water is about 18 m , and at high water from 6 ft. 0 in. 
at ordinary to 8 ft. (> m. at high spring tides The bottom is soft 
mud and sand, and deepens very slowly for a distance of about 
500ft., where from Tift, to 20ft. is obtained in the channel 
between the hatchery and the sandbank, which extends prae,- 
tically to the Maori haik, a distance of about four miles. This 
bank causes the flood tide for about the first two hours to flow 
from the mam channel at Quarantine Island m a north -easterly 
direction towards Otago Heads. To the west of the hatchery 
the water in the channel is much deeper, and a great body of 
water is continually passing up and down at every tide, with a 
flow like a wide river 

Operations were commenced m July, 1903, for the con- 
struction of the hatchery, by enclosing a large bay tui the 
northern side of the site, having a width of about 100 ft. and a 
length of 80 ft. An embankment, 14 ft. m width on the top, 
and pitched on the outside with large rough stones, was thrown 
across the entrance; and a similar embankment or platform, 
30 ft. in width, was formed within this enclosure, just under 
the high ground to the west, for the erection of the hatchery 
buildings, engine-house, &o. A concrete wall, 10 ft high, 
2 ft. 6 in. at the base and 1 ft. thick at the top, was then built 
on the inside of the embankment, and a similar wall built across 
the middle, dividing the enclosure into two ponds of the following 
dimensions : length, 65 ft. ; width, 30 ft. ; depth, 4 ft. 6 m. to 
7 ft* ; and capacity, 60,000 gallons. These are controlled by 
means of screw-valves fitted into 9 in. earthenware pipes oon- 
neoting with the outside water,-* The embankment has since 
been planted with suitable native shrubs and sown in grass. 
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The third pond has been constructed by enclosing and deepening 
a small rocky cleft on the north-west corner. The dimensions 
of this pond are— length, 50 ft. , width, 26 ft. , depth, 7 ft. ; 
and capacity, 50,000 gallons This pond has a rough rooky 
bottom and sides, with large crevices and overhanging rocky 
shelves, and should prove very suitable for its intended purpose 
— for the introduction of lobsters and crabs 

The supply-tank for the hatchery has been built in the solid 
rook immediately behind and about 20 ft above the level of the 
embankment The walls of this tank are of concrete, 1 ft thick. 
The dimensions are— length, 53 ft ; width, 1 1 ft. ; depth, 8 ft. ; 
and capacity, 17,000 gallons The tank is covered with a corru- 
gated-iron roof The water is led from this tank to the observa- 
tion-tanks and hatchmg-boxes by 2 in black-iron pipes, fitted 
with I m. gun-metal cocks where required The hatching-house, 
tank-room, and laboratory are all under pne roof, the building 
being 49 ft long by 21 ft wide. 

The hatching-house, 25 ft. bv 21 ft- , is fitted with two sets 
of Macdonald Patent Tidal hatching-boxes, six boxes to each 
set, and capable of dealing with from two to three million marine 
fish-eggs at one time Provision in the way of tables and cooks 
18 also made for using the Macdonald hatching- jars, of which 
the station has a good supply The tank-room is 21 ft by 
10 ft., and in this have been built two glass observation-tanks, 
one 5 ft. by 5 ft., and the other 5 ft. by 2 ft. 6 in The bottoms 
and stands have been built of concrete ; the legs are 6 iii. by 8 in., 
and the table of concrete is 4 in. m thickness. The glass is 
f m. thick, and is fitted into a frame of 2^ in. angle-iron, which 
which is let into a groove in the concrete table Brass overflows 
are fitted, which are adjustable to any height by means of a 
rubber stuffing-box. In addition to the four windows it has 
been foimd necessary to fit four skylights in the roof of this room, 
and it is intended to do the same to the hatohmg-room. The 
floor of both these rooms is made of asphalt. 

The laboratory is 21 ft. by 10 ft., and is well lighted by 
three windows facing the north, along which side a wide working- 
bench runs the full length of the room. A supply of fresh water 
is also laid on to this room. The room is fitted with Leitz 
compound and simple microscopes, preserving, dissecting, and 
mounting apparatus, a large stock of glassware, and a small 
library. This latter includes sets of the “ Transactions of the 
Now Zealand Institute,’* of the Umted States American Fish 
Commissioner’s Reports, and of the Scotch Fishery Board 
Reports, all presented to the station, and a number of other 
works dealing with biological, and especially pisoioultural sub- 
jects. 
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The roof of the whole building is of white-pme, covered with 
ruboroid. 

The engine and pump house, situated on the same embank- 
ment, IS built of corrugated iron The pump, a 4 in. centrifugal, 
18 driven by a 2J - brake - horse - power Hornsby - Aokroyd oil- 
engine, and 18 capable of throwing 8,000 gallons of water per 
hour into the siipplv-tank, and also, by means of 4 in earthen- 
ware pipes and wooden chutes, into any of the three ponds 

A four-roomed cottage with outhouses, placed on the top of 
the promontory point, and surrounded with a stake fence, com- 
pletes the buildings of the station Provision is made whereby 
any resident biologist, research student, or interested visitor can 
obtain board and lodging at a moderate rate Application for 
this privilege has to be made to the Board. 

A rain-gauge, supplied by the Meteorological Department, is 
placed in a suitable locality near the cottage, and daily readings 
are taken at the same tune as the temperature records are made. 


III. Scientific. 

The scientific work done at a station like that at Portobello 
can only be of a very modest character as long as it depends 
entirely upon voluntary effort. Kesearch on the development 
of almost anjr form of the local fauna requires much time as well 
as the requisite skill and knowledge. As an adjunct to the 
local University the station may ultimately prove of consider- 
able advantage to the biological department, but until research 
scholarships are instituted this opening is not likely to be made 
much use of. 

From the date of his appointment as curator, Mr. T. An- 
derton has made observations on the fauna of the neighbouring 
sea, and on the spawning of certain fishes. He has also re- 
corded the hatching-out of these forms, and reared them for 
a longer or shorter time, preserving specimens at various stages, 
and making drawings of many of them. The same lias been 
done with regard to certain species of Crustacea These records 
are given under the different species referred to later on He 
has also kept records of the temperature of the air, the water 
of the ponds, and of the bay outside the hatchery since the 
1st January of this year. Since the 1st March of the present 
year he has kept a register of the rainfall, the Meteorological 
(Mce in Wellington having forwarded a rain-gauge to the sta- 
tion. These returns are appended to this report. Working 
as he does at present, single-handed, the curator has been quite 
unable to overtake the question of the salinity of the water — 
a thing which it is very desirable to ascertain. 
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In connection with the roaring of fry, and keeping any 
forms of life ni (unifinomcnt in tanks ami jars, the usual difficulty 
was met with where the wator-su})ply was stored in a ocmcretc 
tank It was fully a year from the completion of its construc- 
tion before the water of the storage-tank was sufficiently free 
from lime-salts to be of any use Very few organisms could 
live in it This uec.essitated constant renewal of the various 
receptacles fresh sea-water earned in from the bay. Such 
limitations hampered all the work of the kind undertaken, and 
indeed made continuous experiments almost impossible. These 
difficulties have now been overcome, and hatching during this 
last spring was done in the ordinary boxes with the overhead 
tank-water. 

The Board recognises the desirability of having a com- 
plete hat of the local marine fauna ma<lc out, and of having the 
life-histones worked out of those forms which have an im- 
portant bearing on the rearing and feeding of fishee But this 
is a work of time In this report an approximately accurate 
catalogue of the fishes met with lu Otago Harbour is given. 
But whole groups of organisms, some of them of great biological 
and economic importance, have never been looked into yet, 
and it will probably be long before systematic work is done 
upon them. 

The station is fitted for research by any one competent 
and desirous to uiKlertake it. The Board provides free ac- 
commodation for two such research naturalists, and board 
at a small cost can b() arranged for. The only one who has 
so far taken advantages of this opportunity is Professor Chil- 
ton, D Sc , of Canterburv College, who spent some time at the 
station last summer The following papers, published in vol. 
xxxvii of the “ Transactions of the New i^aland Institute,” 
were the outcome of this visit “ Note on the Function of the 
Last Pair of Thoracic Legs in the Whale-feed {Orimothea gre* 
^ana),” and “ On the Occurrence of a Species of Cercaria in the 
Cockle.” 

The author has worked with Mr. Anderton, the curator, 
and 18 responsible with him for the following notes and records. 

TJie Flounder, 

Two species pf flounder are commonly obtained together 
m the harbour and along the coast, Rhombosolea jdebeia, Biohaid- 
son, and /?. tapirina, Gunther, the latter being somewhat easily 
distinguished by the elongated snout-like upper Up. 

On the 24th July, 1904, Mr. Anderton was out on the steam- 
trawler ‘‘Express,” and noted that all tJie flounders taken 
were males, and that they were ripe, the milt flowing readily 
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when the fish were gently pressed. No female fish were taken 
m the trawl-nets on that occasion He also noted at the same 
time that no mature fish were obtainable m the harbour 

On the 19th May, 1906, a stock of flounders was obtained 
in the harbour by seme-nottiiif^ on the edge of the banks at 
low water, and those were transferred to one of the ponds. 
These shallow* water fish were from 8J in to 12 in. in length, 
and were not in a sexujvlly far-advanced condition , there were 
about three male to oac’h female fish. It was noticed that they 
lay about the deep end of the. pond half buried lu the mud, 
but on the beginning of the flood tide they always commenced 
to be more active Towards evening also they moved about 
more freely, and fo<Kl thrown into the pond and neglected 
durmg the day was always gone by the morning 

On the 6th June the temperature of the water in the ponds 
fell to 0*^ 0., but the cold did not seem to trouble the lish. On 
the 7th June, with the temperature of the wate>r at 1 2®, they 
were feeding quite freely. 

On the 26th Juno 104 fish were m the ponds, all taken in 
rather shallow water ; they averaged about 9 in to 10 in in 
length, and the females — even a few 12 in or 13 in. fish — were 
not nearly ripe On the same day, while netting m from 10 
to 16 fathoms in the channel between Quarantine and Goat 
Islands, four large females were taken, and wcire found to be 
nearly ripe. 

On the 20th July two 9 in. mature males and a 9 in mature 
female were placed in the observation-tank, the latter fish 
being the only small mature female of its size noticed They 
were kept in oonfinomeut for forty-two days, being returned 
to the pond again on the 31st August. l>urmg all that time 
the female fish ate no food at all, while the males ate voraciously 
every day. No ova were obtained. 

The surface of the pond was tow-netted every morning, 
but no ova were obtained till the 3rd October, when about 
a thousand were secured. More were obtained pretty well 
every day till the end of the month, the total number secured 
being about 180,000, 

Both species of Rhofnbosolea being together in the ponds, 
it was not possible to distinguish the two kinds of ova. In 
one ease the egg averages 0*82 mm. in diameter, and has only 
one relatively Targe oil-globule. The egg of the other species 
is distinctly smaller, averaging 0*66 mm. in diameter, and is 
furnklied with from eight to thirteen small oil-globules. The 
two kinds are quite readily distinguished from one another, 
but uniortunately it was impossible to separate the eggs, or to 
determine the species to which they belonged. This can be done 
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again when the stocks of flounders kept in the ponds are strictly 
separated. In connection with the occurrence of the oil-glo- 
bules in these eggs, attention may be drawn to a hypothesis 
advanced by Dr J T Cunningham in the “ Journal of the 
British Marine Biological Association” (vol i, p. 48), in which 
he seeks to trace a connection between the occurrence of oil- 
globules 111 the yolk of the egg and the presence of much or 
little oily matter in the tissues of the parent fishes. This point 
also can bo looked into when the species have been worked 
out separately. 

In about four days after the ova were obtained and fer- 
tilised the larv® began to hatch out, and they were kept in 
the boxes for about fourteen days and then liberated. Speci- 
mens of these larva> were preserved and mounted every day, 
and drawings were made by Mr. Anderton, but until the identity 
of the species is established it is thought undesirable to re- 
produce these, or to publish any notes on them. 

We have reason to believe that the fish m the ponds either 
cannot get nd of their ova without difficulty, or do not do so 
for some unexplained reason, in the shallow water. Some 
two hundred fish in all were kept in the pond, of which over 
one -fourth were mature females, yet only a very few appear 
to have liberated their eggs TTie mature fish taken in June 
of this year were obtained only m deep water, while last year 
no females were got at all m the trawl-nets on the trip of the 
24th July It seems as if the fish moved out into deep water 
at spawning- time, but whether this is connected with the more 
efiective distribution of the species, or whether the greater 
pressure of the water in any way facilitates the extrusion of the 
ova, IS problematical It may be only a question of temperature ; 
while the pond water frequently cooled down sometimes as low 
as 5° 0., that of the ocean at the same time probably never 
fell below 10°. 

Another piece of knowledge gained is the hardiness of both 
species of Bhomhosolea. They seemed to be unaffected by the 
low temperatures which prevailed m the ponds during the winter 
months, except perhaps m the retardation of their sexual ma- 
turity. 

During f)ctober it was noticed that several of the fish in the 
ponds were showing sores These were found on both the upper 
and under sides, but appeared most commonly on or near the 
base of the pectoral fins, and seemed to pass into ulcers which 
ate down to the bone, in some cases proving fatal to the fish. 
They were not confined to the fish in the pond, though rather 
frequent among them, but were found in the fish taken in the 
bay with seine nets. The cause is obscure, but the mature 



Thomson. — Portobello Marifte Ftsh-hatchery 543 

females with distended ovaries which had not discharged their 
eggs appeared to suffer most from the trouble The tissue 
removed from the ulcers showed under the microscope at least 
two forms of ciliated infusorians, but whether these were the 
cause or only an accompanying result of the disease is not known. 
It is interesting to record that Mr Anderton took out some of 
the diseased fish, and touched the sores with weak solution of 
corrosive sublimate before returning them to the pond The 
cautery seemed to be effective, and the sores healed in several 
oases. Probably a second application would have completed 
the cure in all. 

In November most of the fish were allowed to escape into 
the bay, as it is always possible to obtain abundance of both 
species just before spawmng-time 

The BrdI (Caulopsetta siiapha) 

The fish known by this name is occasionally taken by the 
trawlers outside Otago Heads. Its erratic occurrence, like that 
of many other species, is probably due to the alterations in the 
temperature of the water along the coast ; but until these have 
been carefully studied it is impossible to do more than surmise 
this to be the case On the 24th July, 1904, Mr. Anderton ob- 
tained ova from large female fish taken on the trawler ; unfor- 
tunately no male fish wen* taken, so that the eggs could not be 
fertilised. 

The Lemon Sole (Ammotretis rostratus) 

This fish IS popularly known as the lemon sole, to distinguish 
it from Pdtorh^amphuH mra'-zeedandtae, Gunther, which the local 
fishermen call the English sole. The names are somewhat un- 
fortunate, seeing that they arc applied to totally different species 
in Britain. 

Some experimental work was carried out with regard to 
Amnioiretia during the past two seasons. In July and August 
of last year Mr. Anderton was out in the trawler on several 
occasions, and obtained a stock of fish for the ponds These 
were kept in confinement till the end of October, but it was soon 
found that all were more or loss bruised by the crushing to which 
they had been subjected in the trawl-net, and they never re- 
covered from this. Numbers died, and all got into poor con- 
dition and became affected with sores on various parts of the 
body. It was noted at the same time, however, that fish taken 
in the bay in the seine nets were also more or less similarly 
affected. 

No ova were obtained, though usually the fish seemed to 
liberate their eggs in August, and ultimately the remainder of 
the stock in the ponds were turned out again into the bay. Just 
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aB in the case of the flounders, it seemed as if the fish were unable 
to extnide their ova in the shallow water of the ponds, or else 
that the low temperature of the pond-water affected them ad- 
versely 

On the 17th August of this year Mr Anderton \ra8 out again 
m the trawler, and obtained several thousand ova. Many female 
fish taken were found to bo spent, and ripe males were abundant. 
On this date, while the water at the hatching-ponds was at 5*^ C\, 
that of the open sea at 18 fathoms depth was 10° C More ova 
were obtained on the 20th August, and altogether about 260,000 
eggs were got. 

The egg of this species is about 0*8 mm. in diameter 
(Plate LV, figs, a-/), and contains from eight to eleven oil- 
globules. The minute structure was not studied. 

About the fourth day after fertilisation the black pigment 
spots began to show, and bv the following day the outline of the 
embryo was distinctly visible On the seventh day the black 
and yellow spots of the young embryo were uniformly distributed, 
and the larvte began to hatch out on the ninth day. The tem- 
perature all this time remained low, varying from 2*8° to 4*8° C. 
These larva' were reared till tlieir tenth day, by which time the 
yolk-sac was nearly absorbed, and they were then turned out into 
the harbour Altogether about 168, (XK) were liberated. These 
results are very small and Iragmentary, but it has to be borne 
in mind that they were achieved by one worker, who was dally 
occupied with all tlie ordinary routine duties of the station, and 
who had had no previous experience of the work. 

Blue-cod (Parapercis cohas, Forster). 

Eggs of this species were obtained from some fish in the ponds, 
about the end of October and beginning of November, 1904, 
The egg is a floating one, having a diameter of 1*05 mm. 

The eggs hatched out in about three days, and the larvce were 
reared till about a week old, by which time the yolk-sac was 
almost completely ab8orbe<l, and the fry were swimming about 
freely and feeding At that time the store-tank water was un- 
usable on account of the lime present in it. and thus it was ex- 
tremely diffiimlt to keep experimental jars and small tanks going, 
hence no further attempt was made to study the development 
of these few larva) The approximate date of sjiawning and 
the length of time taken to hatch out being ascertained, it was 
realised that the experiment could be resumed with more pro- 
spect of success on a future occasion 

A very interesting experiment was made in connection with 
these fish. About three dozen were obtained on the 11th October 
last year, m about 30 fathoms of water off Cape Saunders, and 
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were traueferred to one of the ponds. A dead specimen ex- 
amined at the same time was found to have the stomach quite 
full of seaweed. But in the pond they were regularly fed on 
cut-up fish, cockles, &c , and they fed freely, becoming so tame 
that they came about the edge of the pond whenever visitors 
went to see them, and they would take food out of the hand, and 
allow themselves to be stroked. About a month after they were 
confined some of them became affected by a whitish film which 
grew over one or both eyes, and it looked as if they would become 
blind. But by the end of summer 'this had quite disappeared, 
and the fish were in very fine plump condition. A few of them 
also showed greyish patches, apparently of dfseased tissue, on 
the back, but this condition did not affect many, and was not 
closely examined into. 

During May of this year, when the weather was rather cold, 
the fish almost ceased to feed, and did not move about freely. 
Even cockles, of which they were extremely fond, had no tempta- 
tions for them. On the 2nd June there was a little snow at 
intervals, and the pond- water was very much chilled. On the 
3rd there were snow-showers during the day, and the pond- 
temperature registered 1 4° C, Heavy snow came on during 
the night, and on the morning of the 4th it lay 3 in. or 4 in. 
deep on the ground, while the temperature of the pond went 
down to 0*8^ C. One of the cod was found dead, and five or six 
more were lying on their sides in a nearly dead condition. Dur- 
ing the night the temperature fell still lower, that of the pond 
standing at 0° C., and on the morning of the 6th the rest of the 
fish were lying on their sides, all dead but five. An attempt 
was made to resuscitate these by keeping them m somewhat 
warmer water, but they all succumbed on the 6th. 

It is worthy of note that while blue -cod are obtainable in 
Otago Harbour dunng the summer months, they appear to 
migrate out to deeper water on the approach of winter, and, 
further, that they do not take bait daring cold weather. 

This experience is of value as showing, among other things, 
the limitations to which experimental work is liable in shallow- 
water ponds. 

Oongiopodus leuoopceoilus, Richardson. 

This fish is popularly known as “pig-fish,*’ on account of 
the grunting noise it makes when taken out of the water and 
left to gasp fox air, It is sometimes called “ leather- jacket,” 
a name which, however, is more correctly applied to Mona- 
canlhus ecaber, another very common fish in Otago Harbour. 

On the 17th September of last year Mr. Anderton seeded 
male and female mature specimens, and from these he obtained 



546 


Tramactions, 


QggR which he artificially fertilised. Being at the time ex- 
tremely busy with other and more important work, he kept 
neither record nor drawings of these eggs On the 16th Octo- 
l^r, the temperature of the water in the hatching-house being 
6*^ C , some of the eggs wore ready for hatching out, the larvce 
showing m a well -developed condition, the eyes and pectoral fins 
being especially prominent (Plate LVI, fig. d). Tlie specimen 
figured was just about to hatch, and the larvae when liberated 
floated with the yolk-sac uppermost By the sixth day the 
yolk-sac was nearly absorbed (fig e), and the little fish were 
swimming about freely, with much of the slow motion charac- 
teristic of the adult The development could not be followed 
further on accomit of the numbers of other fry to be attended 
to. 

Crustacea, 

Some experiments were made m regard to common forms 
of Crustacea^ which may be placed on record here, though the 
results have not been worked out yet 

Heterograpsus sexdentatus^ Milne- Edwards, is one of the com- 
monest of shore-crabs, and is found under stones between tide- 
marks A berried female kept in an aquarium jar spawned on 
the 28th August, 1904 The zoem swarmed in the water, and 
the parent crab immediately commenced to eat them up whole- 
sale The development was not followed out 

Petrolisthes elongatm, Milne-Edwards, is another extremely 
common form in similar localities. Berried females in an 
aquarium jar spawned from the 17th to the 23rd November. 
The zoeee were watched from day to day, and a fairly complete 
s-3ries was obtained and preserved. There has not been time 
to work out the results as yet. The water of the bay was full 
of zoese for some weeks 

Palamon afflms, A. Milne-Edwards : This is the common 
small prawn of the harbour. A single berried female liberated 
its ova — about three hundred — on the 15th January of this 
year. The larva) were very active, darting about in all part« 
of the jar, but invariably seeking towards the light side. Their 
cannibal propensity was very marked from the first, a feature 
apparently of all larval Crustacea, as well as of a good many 
adult forms. If not liberally supplied with minced cookie, 
which they ate greedily, they at once attacked each other. The 
development was watched from the 15th January to the 22nd 
April, a period of ninety-seven days, during which they under- 
went eleven moults. The dates' of these moults were ae follows : 
Fipt moult, 20th January ; second moult, 26th January ; 
third moult, 2nd February ; fourth moult, 6th February ; 
fifth moult, 11th February; sixth moult, 16th February; 
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seven moult, 21st February ; eighth moult, 26th February , 
ninth moult, 5th March ; tenth moult, 19th March ; eleventh 
moult, 8th April The adult form appeared to be reached 
at the tenth moult, the motion in swimming and the general 
appearance being different from what it was in the earlier stages. 
Fairly complete sets of these various stages have been preserved, 
and it IS hoped to work them out during the coming year. 

Mumda suhrugosa, Miers An attempt was made to prove 
the identity of this species with Gnmothea gregarm, the free- 
Hwmimiiig form known as “ whale-feed,'' wluch is so abundant 
in our seas, especiallv in the summer months Owing to the 
nature of the tank- water and pressure of other work the ex- 
periment failed. While there seems little doubt as to the iden- 
tity of these two forms, vet until Grimothea has been reared 
from the eggs of Mnmda the fact cannr»t be considered proved. 
Tins is the principal food material of a great many species of 
fish during a considerable part of the year, and the knowledge 
of its life-history is important and desirable. 

Scientific Note<s by Mr. Anderton 

The following notes made at various times by the curator 
are well worthy of being placed on record * — 

(1)1 have never read of the yawning of fishes, but I have 
repeatedly seen blue-cod, flounders, and soles m the ponds 
having a decided yawn. The mouth is opened to its full ex- 
tent, as also are the gill-covers. This is continued for a few 
seconds, when the mouth is shut with a snap. I have observed 
the same thing in the glass tanks in the case of spotties {Pseudo- 
lahrus hoihryocosmm) and flounders. The phenomenon has been 
chiefly observed when the ponds were low, but the reason of 
this is not known. It may he that it was only that the fish 
were more easily observed. 

(2.) The following fact is worth recording. On the 12th- 
13th October 1*4 in of rain fell, and on the latter date 25,000 
ova were collected from the surface of the pond. This is one 
of the heaviest ramfalls recorded, but it did not interfere with 
the collection of the ova, nor apparently with their condition 
after collection. 

(3.) During the winter months there appears to be a general 
exodus of fish from the harbour. I think this is most noticeable 
in the case of the flounders. Perhaps the difference m tempera- 
ture between the water of the bay and of the open sea, together 
with the supposition that they seek deeper water on account of 
the increas^ pressure to assist the extrusion of the eggs, may 
account to a great extent for this annual migration. The fol- 
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lowing table gives an approximate idea of the difference of 
temperature referred to. The ocean record was made by the 
engineer of the steam-trawler “ Express ” during two months of 
this year • — 


TBUrKBATOUKS OF SURFAOK WaTRB.9 OF BaY AKD OOBAN SiX MILKS 
OFF Otaoo Heads 


Date 

Bay 

Ocean || Date. 

Ba> j Ocean 

1 Date 

Bay 

Ocean 


'^0 

“C 


“C "C 


T 

T 

July 20 

2*4 

9*0 Aug 

1) 

2 8 10-0 

Aug 28 

88 

11*0 

„ 28 

3-2 

10*0 „ 

14 

34 84 

1 M 31 

4*8 

«-6 

24 

8*4 

8*5 

16 

3 8 9 5 

^Sept. 1 

5*8 

90 

» 25 

8*2 

ft 8 

17 

6*2 9 6 

M 0 

6*6 

9*6 

t, 26 

3-4 

8K 

20 

3*6 9 6 

M 7 

6*4 

9 2 

,, 27 

8*2 

9*2 „ 

21 

3*8 11*0 

11 

6 8 

12*0 (?) 

Aug. B 

4*4 

9*8 

22 

4 4 9*8 

M 12 

6*2 

9*8 

M 9 

4*2 

9*8 „ 

24 

3 2 9 4 

„ 13 

6*8 

7*0 (?) 

10 

1 28 

9*0 ; „ 

27 

4 0 10*2 

M 13 

64 

9*0 


(4.) The Dog-fish — The idea that these fish are the natural 
enemies of most of our edible fishes, excluding flat-fish, is gene- 
rally accepted by the fishermen. Although, from the small num- 
bers of these examined, and the short period of time during 
which the observations were made, I would not like to affirm 
absolutely that this is not so, I think it is worth recordmg that 
from January to May, 1905, I examined the contents of the 
stomachs of between fifty and sixty spinous dog-fish {Cephalo- 
scyllmm laticeps) and smooth-hound (Oglem afUarcttcu^s). Only 
one of these contained fish, and that appeared to be a piece of 
kmg-fish that had been cut with a knife. Their stomachs 
generally contained large crabs {Ccmcer novcB-zedandtcd) and 
other unrecognisable species, Orimothea gregaria^ Munida evb- 
fugosa^ and worms. 

(5.) During such times as they are found in the bay Orimothea 
gregaria have been found in the stomachs of almost all the fish 
examined, including sea-trout, spotties, pig-fish, dog-fish, rock- 
cod, red-cod, blue-cod, barraoouta, and Maori chief. 

(6.) It is hoped that in future a closer observation of the 
tides may be m^e. The effects of the moon’s north and south 
declination in apogee-perigee, of the effects of winds, hi^ and 
low local barometer, &c. — all these need recording. The station 
is admirably situated for such study, which, carried on carefully 
through a number of years, would no douM be of considerable 
soientifio value. 

(7.) Ocean Gwrefnis . — So far it has not been possible to make 
any observations of these currents. The Admiralty chart shows 
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a current off Cape Saunders setting in a northerly direction at 
a rate of from one to one and a half knots an hour. The cap- 
tains of the trawlers and the Ime-ffshermen affirm the accuracy 
of this statement, the latter stating that at times it is so strong 
as to prevent them from fishing, as they are unable to get their 
lines to the bottom. These currents must have considerable 
influence on the migration and food-supply of our sea-fishes, and 
in order to acquire a fuller knowledge of their spawning habits 
and grounds it is necessary to take this into consideration. For 
instance, identified pelagic fish-eggs of a known age — say, fifth 
day — taken in the tow-net off Otago Heads, with a current of 
two knots an hour setting to the northward, would have been 
shed about two hundred and forty miles south of the place at 
which they were taken. 


List of Fishes which have been taken in Otago Harbour or in 
the Immediate Proximity. 

1. Polyprion prognathus^ Forster. The groper occurs outside 

the Heads all the year round, and occasionally comes 
into the harbour, keeping to the deeper parts. 

2. Arripis trutta, Cuvier. The kahawai is an occasional sum- 

mer visitor. 

3. Pagrosomus auratust Forster. The snapper is another 

occasional visitor, and also appears to come only in 
the summer months. 

4. Haplodactylus meandratus^ Solander. The granite trout 

is not infrequently met with in the harbour. 

6. Chilodactylus macropterus, Forster. Recorded in Trans. 
N.Z. Inst., vol. XI, p. 381. 

6. LaJtris ediaris^ Forster. The moki occurs all the year round, 

and IS a common fish near the rocks, and especially among 
kelp. 

7. iMris lineata^ Forster. The trumpeter is not so common 

as it used to be. It is still met with at intervals, but 
used to occur in all the deeper channels, near rocks. 

8. Latris esrosa^ Hutton. The type of the species was taken 

at Otago Heads, and is in the Otago Museum.j^ | \y | 

9. Ctmgiopodm Uucoposotiust Biohardson.j^ One| of the com- 

monest fishes in Otago Harbour, where it is known as 
“ pig-fish,** or sometimes as “ leather-jacket.” 

10. Neophryniokihys laius, Hutton. Sometimes called ” toad- 

fish.” 

11. Oenyagnus maodatus, Forster. The cat-fish or hard-head 
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12. Kathesostoma fluviatUiSy Hutton. Trans. N.Z. Inst., vol. 

xxviu, p. 315 

13. Natothema miortensiSy Haast Commonly known as 

“ Maori chief ” 

14. Natothema angustata, Hutton The type is m the Otago 

Museum 

15. Natothema cornucolay Richardson. Trans. N.Z. Inst , vol. v, 

p 262 

16. Natothema rmcroleptdatay Hutton. Not uncommon out- 

side the Heads, and sold as “ black-cod ” 

17 Parapercis coliaSy Forster. The blue-cod is common out- 

side the Heads, m deep water near rooks. 

18 Trachyichthys trailiiy Hutton Dunedin Harbour. Trans. 

N Z Inst , vol xvii, p 162. 

19. Lepidapus mudaius, Euplirasen. The frost-fish frequently 
comes into the harbour in winter-time, and gets stranded 
on the beaches and sandbanks. 

20 Thyrsites atum Euphrasen. The barracouta is an erratic 
visitor, sometimes occurring in immense numbers. The 
young are abundant in the harbour in the summer 
months 

21. Proniethichthys prometheuSy Webb and Berthel. The kin^- 

fish 18 met with not infrequently m the harbour, and is 
got occasionally m considerable quantity in the trawlers. 

22. Caranx georgtanusy (hivier. The trevalli is a common 

fish in the harbour. 

23. Trachurue trachuruSy Linnseus. The horse-mackerel or 

scad. 

24. Seriola lalandiiy Ouvier. This fish, the king-fish” of the 

North Island, appears to be an occasional visitor to these 
waters. 

25. Evisttus huttoniy Gunther. Dunedin. Trans. N.Z. Inst., 

vol. ix, p. 470. 

26. Seridella porosay Guichen. 

27. SerioteUa bramay Gunther (?) Warehou. 

28. Cyttus noDCB-zealandicBy Arthur. Taken off Otago Heads. 

Trans. N.Z. Inst., vol. xvii, p. 163. 

29. Triffla kumuy Lesson. The gurnard is occasionally taken 

inside the Heads, and is also brought in by the trawlers 
from outside. 

30. Tripterygion tripinney Forster. Popularly known as the 

cook-a-bulU ” (perhaps a corruption of ‘‘kokopu”); 
abundant near the beach. 
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31. Agonostomua forateri, Bloch. The sea-mullet or hemng is 
one of the commonest fishes in the harbour, and occurs 
all the year round. 

32 Diplocrepia pumceua, Richardson The sucker; common 
in rook-pools. 

33. Lofhoies fiakei, Gunther. Taken at 8t Clair Trans. N.Z. 

Inst., vol. XXVI, p 223 

34. Regalecm argenteua^ Parker Great nbbon-fish ; caught 

near Portobello. Trans N.Z. Inst., vol. xx, p. 20. 

35. Regalecua parken, Benham Taken at Deborah Bay. 

Trans. N.Z. Inst., vol. xxxvi, p 198. 

36. Odax Solander. Kelp-fish. Otago Heads and m- 

side the harbour occasionally 

37 Paeudolabrua hothryocoamuSy Richardson. Locally known 
as butter-fish ” or “ spotty ” ; very common 
38. Paeudolabrua cmctua, Hutton. Not uncommon on the 
coast. The type is in the Otago Museum. 

39 Caulopsetta acapha, Forster. Known as the “ brill ” ; oc- 

casionally got in the trawl-nets. 

40 Anifnotretia roatratua^ Gunther. Locally known as the 

“ lemon sole.” 

41 Rhombosolea plebem, Richardson. Common flounder. 

42. Rhomboaclea fleaoideaf Gunther Yellow-belly ; not so com- 

mon as the last. 

43. Rhombosolea tapirina^ Gunther. Common. 

44 Peltorhamphus novce-zealandiw, Gunther. The common sole. 

45. Phyatculua hojcchua, Forster The red-ood is one of the most 

abundant fishes on the coast. 

46. Paeudopkycia breviuaoulus^ Richardson. Occasionally taken, 

and locally known as “ whiting.” 

47. Merluociua grayi, Quichen. Locally known as ” haddock.” 

48. Oenypterua blaoodea^ Forster. The ling occurs all the year 

round outside the Otago Heads. 

49. Hemirhamphua ifUermed%us, Cuvier. The garfish ; occurs at 

intervals in the harbour. 

50. Oonorhynchua greyi^ Biohardson. The sand-eel ; not un- 

common. 

51. Clupea aagax, Jenyns. The pilchard or sardine occurs in 

immense shoals, which appear to pass up the coast in a 
northerly direction during the summer months, 

52. Leptocephalua conger^ Willoughby. The conger-eel. 

53. Hippocampus abdominaHa^ Lesson. The sea-horse is very 

abundant in the harbour. 
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64. Stigmatojihora longirostna, Hutton. Trans. N.Z. Inst., vol. 

viii, p. 216 

65. Ichthyocamfus fUum, Gunther. The pipe-fish ; another very 

common fish in the harbour. 

56 Moriacanthus scaber, Forster. The leather-jacket ; common 
in the harbour 

67 Mola mola, Linnaeus. An occasional sun-fish has been taken 

in the harbour. 

68 CalLorhynchus antarcticm, Lacepede The elephant-fish ; a 

migratory species, occasionally occurring in large num- 
bers 

59. Dasyhaixs hremcaudatus^ Hutton. Stingaree ; not uncom- 
mon 

00. Torpedo fusca, Parker. The type of this species was got at 
Purakamu. Trans N.Z. Inst , vol. xvi, p. 281. 

61. Astrape aysont, Hamilton Another species of torpedo ray; 

occasionally met with near Dunedin. 

62. Rata nasuta, Solander The skate ; common. 

63. Oaleua antarciicus, Gunther. The smooth-hound ; occa- 

sionally taken m the harbour. 

64. Alopias vtdpea, Grnelin. The thresher ; an occasional 

visitor. 

65. Cephaloscylhum latxceps, Dumenl. The dog-fish is very 

common 

66 Echirwrhinus sptnosus, Cuvier. The spinous shark has been 
taken off Otago Heads. 

67. Heteropleuron hector % Benham. 


Introduction of Ldbatera. 

The desirability of introducing the European lobster {Homarus 
vulgaris) into these seas has been before the promoters of this 
station since its inception. It has been stated that there is no 
need to introduce this crustacean, seeing that the marine cray- 
fish (Palxnwus) is so common, and is such an excellent article 
of food. While these facts are quite admitted, yet it is the case 
that the lobster has a much greater commercial value than the 
crayfish, and if once acclimatised in these watem would prove 
a very valuable addition to the wealth of our fisheries. Again, 
it has been objected that the chances of establishing a species 
which undergoes various metamorphoses in its early stages, 
when it passes through several free-swimming stages, when it 
cannot well be handled, are very great. But the hatching and 
rearing of lobsters, both H, vulgaris and H, americanuSt have 
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been successfully accomplished at several stations m the Northern 
Hemisphere. Nowhere, indeed, has this work been more suc- 
cessfully earned out than at the biological station of the Com- 
missioners of Inland Fisheries, Rhode Island, IT.S.A. ; and Dr. 
A. D Mead, of Brown University, with his small floating labora- 
tory, has been able there to rear vast numbers of these crusta- 
ceans to a stage when they ceased to swim, and could be liberated 
on a rocky bottom All the available information on this sub- 
ject has been kindly communicated to the local Board by Dr. 
Mead. It is also the case that the common shore crab of Britain 
{Carctnus mamas) has been introduced into Australian waters 
within the last few years, and has spread round the shores of 
Port Philip. How it was brought out is not clear— perhaps m 
ballast, or attached in some way to ships’ bottoms— but the 
ocourrenoe is recorded by Mr 8. W. Fulton m the “ Proceedings 
of the Royal Society of Victoria,” vol. xiv, p 56 

The possibility of conveying live lobsters to the colony was 
solved by the Otago Acclimatisation Society in 1891, when nine 
specimens were brought out by Mr. Purvis, chief engineer of 
the s.s. “ Ionic,” There being no suitable place in which to 
keep them, these specimens — which were in fine condition— 
were taken down to the mole at Otago Heads and liberated 
there. The locality is one exposed to all easterly weather, and 
is subject to continual strong tidal currents which carry shifting 
sands. It was therefore most* unsuitable for lobsters, which, 
like other crustaceans, try to keep their gill-chambers as free 
as possible from sand Nothing was ever heard of them again, 
and the experiment has not been repeated since. 

During 1904 preparations were made at the hatchery for a 
lobster-pond, and a large natural cleft in the rocky promontory 
on which the hatchery is situated was deepened and out off 
from the outer channel by a concrete wall and embankment, 
fitted with valve openings, The pond is about 60 ft. long, 
26 ft. broad, and can be filled by the puipp to a depth of 9 ft., 
the ordinary depth at high water being from 6 ft. to 7 ft. 

Advantage was taken of the visit of Mr. R. Chisholm, a 
member of the Board, to Enuland during this last year to ar- 
range for a trial shipment of lobsters. Communications were 
entered into with Dr. £. J. Allen, Director of the Marine Biological 
Association, Plymouth, who kindly undertook to procure the 
required crustaceans and forward them to London, manager 
and other officials of the Shaw, Savlll, and Albion Company 
also took up the scheme heartily, and commenced to make the 
necessary arrangements for the conveyance of the lobsters to 
New Zealand in one of their steamers leaving for Port Chalmers. 
When Mr. Chisholm left London everything seemed in tram 
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for the forwardinj^ of the first trial lot. But it was found that 
the expense of fitting up the necessary tanks on board the stcanur 
was going to run into a great deal more money than was origin- 
ally contemplated, and, pending further instructions, those who 
had the m itter in hand at Home suspended operations till they 
got the nccessarv authority After Mr Chisholm’s return to 
the colony he stated fully what he had attempted and accom- 
plished, and the Board at once wrote to London asking that the 
preparations for forwarding the lobsters be again proceeded 
With. It 18 therefore anticipated that a shipment will reach 
Port Chalmers ere long by one of the direct steamers 

Tbmpbratukkh (in T ) ok Air , in Shade , of Bay and Ponds for 

1905 

(Recorded at 9 a m daily ) 


Date 

Air 

Bay 

I Pond 

j Date 

j Air 

j Bay 

[pond 

Date 

j Air 

Bay 

Pond . 

Jan. 


1 

1 


Feb 




Mar. 

1 



1 

10 

11 6 

11 4 

1 1 

1 11 

11 4 

11 

1 

10*4 

10*6 

10*2 

2 

38 

9*8 

84 


12 4 

12-2 

12-8 

2 

12 2 

11 4 

11 

3 

6-4 

I 8 0 

7*8 

! 3 1 

13 2 

12 4 

12*2 

3 

11*6 

11*6 

11*4 

4 

6-4 

78 

76 

4 1 

16*2 

13 8 

14 

4 

13 8 

12*2 

12*4 

6 

7-9 

88 

8 

5 

16 8 

14*2 

! 15 

5 

13*2 

12*4 

12 

0 

10 4 

10 8 

10 6 

6 i 

12*6 

13 

14*2 

6 

10 

11*4 

10*8 

7 

97 

10 4 

10 8 

7 

12 4 

12 8 

12 

7 

9 

11 

9*6 

8 

11 4 

9 8 ' 

10 4 

' 8 

12 2 

12*8 

12 

8 

9 

10 4 

9*6 

9 

88 

9-9 

10 

9 

10 2 

12-0 

12*2 

9 

10*0 

11-2 

10*6 

10 

10 8 

10 2 

10 8 

10 

12 4 

11 

12*2 

10 

13*2 

11*6 

12 

11 

12 2 

11 4 

11 

' 11 

10 

14*4 

14 8 

11 

11*4 

12*2 

11*6 

12 

11‘6 

10 8 

' 10 

f 12 

14-8 

14*6 

14 

12 

11*8 

12*6 

12*2 

13 

15 

12 

12 4 

13 

12*8 

14 

13*2 

IS 

10*4 

12-2 

11 6 

14 

14 

12*4 

12 

14 

12 8 

16*2 

14*6 

14 

12*4 

12*2 

11*6 

15 

14 

11 8 

12 

15 

14 

16*4 

16*4 

15 

12*2 

12*2 

12 

10 

11 

124 

11*4 

10 

i 11*4 

13*0 

14*2 

16 

10*4 

12 

11*2 

17 

10 2 

U*2 

1 11 

17 

11 

12 8 

12 

17 

11 

11*8 

11*4 

18 

10 8 

10*8 

10 

I 18 

1 10 4 

12*2 

12 

18 

11*6 

11*6 

11*2 

19 

11 

n 0 

10*8 

i 19 

13 

13*2 

12*2 

19 

9*8 

11*4 

10*6 

20 

12 0 

11 4 

U 

; 20 1 

11 4 

12*8 

12*2 

20 

12*4 

12 

12 

21 

12-2 

11 4 

11*4 

‘21 1 

12*4 

12*8 

! 12*2 

21 

12 

11*6 

11*4 

22 

13 8 

12*4 

12 

22 j 

13 

12*6 

12*2 

22 

U *8 

11*6 

11*6 

23 

12-2 

12 ! 

12 

23 ' 

11*2 

12 2 

12 

23 

10*4 

11*2 

11*8 

24 

10*4 i 

11‘4 

H 

24 1 

12 2 

12 8 

12*4 

24 

10*4 

U *4 

11 

25 

! « 1 

10‘8 

i 9*0 

25 

13 

13*2 

12*8 

25 

9*8 

10*2 

10 

26 

84 

9*8 

9 

, 20 1 

10 

11*8 

11 

26 

9*4 

10 

10 

27 

i 10 

10*4 

10 

1 27 i 

1 10 

ll 

9*8 

27 

12*4 

9*8 

11 

28 

10-4 

10*6 

10 

28 

10 2 

10*6 

10*4 

28 

10*8 

10-2 

10 

23 

12 2 

11 

10*8 

J 




29 

10*8 

10 

10 

30 

no 

.11*4 

11 

1 

1 




ao 

U '2 

U *4 

10*6 

31 

11-2 

i 1 

11*6 

n*4 

( 

1 



81 

12 

i 

11*4 

11*2 
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Tempkkatubes (in ®0). of Air, in Shade, of Bay and Ponds for 
1906 — cont inued » 


Date 

Air 

Bay 

Pond 

1 Date 

Air 

Bay. 

Pond 

Date 

1 Air 

Bay 

Pond 

Apr 




1 

( May 




i July. 


1 


1 

12*2 

n 8 

12 

17 

ft 8 

0 2 

ft 

1 

2'8 

34 

3 

2 

12 

11 4 

n 2 

' 18 

6 

58 

6-6 

2 

4 

3*2 

3 

3 

7 8 

9 

8 ft 

19 

3 ft 

ft 

48 

3 

0 2 

24 

1 2 

4 

78 

9 

8*4 

20 

58 

5ft 

5 

4 

0*4 

2 2 

1-4 

5 

92 

9 4 

8 

21 

4ft 

6 2 

ft 

5 

3 

2-2 

1 8 

0 

ft 

8 

64 

22 

2*8 

5 

4 

1 

2 4 

2-8 

2*6 

7 

94 

82 

8 ft 

23 

2 2 

5 

42 

i 7 

2 8 

2 ft 

2 4 

8 

7 

8 

7 ft 

24 

44 

5 2 

4ft 

H 

2 2 

3 

2*6 

9 

7*8 

8 2 

78 

25 

ft 

4 8 

3-8 

9 

04 

3 

26 

10 

8 2 

84 

8 

2 ft 

1 

48 

2*4 

10 

2 

2 8 

2 ft 

11 

9 

8 ft 

8 ft 

1 27 

3-2 

44 

3 4 

n 

2 

2 2 

2 

12 

94 

9 2 

9 

28 

2*8 

4 

3 ft 

12 

5 

2 8 

2 2 

13 

9 

9 2 

9 

29 

4*6 

44 

4*2 

13 

4 2 

3 

32 

U 

«‘ft 

84 

74 

30 

2-8 

4 

3 8 

14 

3 8 

3 2 

3 4 

15 

68 

8 

7 

31 

6-4 

48 

5 

15 

3 2 

34 

28 

1ft 

9 8 

8-8 

8 'ft 





1 ft 

1 4 

3 

2 

17 

8 2 

8 ft 

8 'ft 





17 

1 

2 8 

1 4 

18 

8*2 

8*4 

8*6 

Juno 




18 

Oft 

2 

1 4 

19 

8 

8 

7 ft 




19 

2 4 

2 

1*6 

20 

7 

7*6 

7 '4 

1 

4 ft 

4*8 

4 

20 

3 

2 4 

2 

21 

ft -4 

7*2 

7 

2 

2 2 

4 

3*8 

21 

34 

2 4 

1 8 

22 

6 

68 

ft 

3 

0 8 

3 

1 4 

22 

5 

2*8 

2 4 

23 

6-2 

ft-ft 

ft 

4 

0*2 

2 

08 

23 

7 8 

82 

34 

24 

8-4 

7 

7 

5 

0 2 

I‘ft 

0 

24 

6 2 

3*4 

34 

25 

04 

7 

68 

6 

2*2 

1*8 

1 
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EXPLANATION OF PLATES LV-LIX 
Pirate LV. 

Development of lemon aole {Ammotreiu ro^ftratus). Figs a-c x 16 ; 

d-j X 82. 

Fig. a. Egg, twenty hours after fertilisation. 

Fig. 6. „ forty-eight „ 

Fig. c. „ fourth day after fertilisatloii. 

Mg, d, „ fifth day 

Fig. 6. „ sixth day *, 

Fi^ /. „ ninth day after fertUisaUon (just hatching). 
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Pig. a 
Fig h 
Fig 1 

Fig J 


BVy, newly hatched out 

„ Hccoiid day, ventral aspect, yolk-Hao uppermost. 
,, third ,, 

„ fitth 

Plxtk LVI. 


Fig a rostratun, fiy, eighth day after hatching 

Fig h BliK -cud { Para percia calififi), Off ^ ^ X 20 
Fig r „ larva just hatched out 

Fig d PigdiHli {Conifiopvdus letic-ofmctlvTi), just before hatching. 
Fig € „ laiva, eighth day 


Plate LVII 

8ket(*h*plan across Otago Harbour at Port Chalmers 


Plate LVIII 

View of ponds, looking north-west to Port Chalmers. 


Laboratory 


Ptatr LIX 


Art. LXII. — On the Treatment of ParixaUy Decomposed Pyritic 
Taitxngs by the Cyanide Process. 

By H. Frank Shepherd. 

Communicated by Professor James Park. 

[Read he fan the Otago InstUide, 14^A November, 1905.1 
The first stage in the weathering of tailings or sands containing 
sulphides of iron is the decomposition of the sulphides into 
sulphates and free sulphuric acid. When clayey matter is pre- 
sent m the sands sulphate of alumina is formed. The next 
stage in the decomposition is the oxidation of the sulphates 
into oxides. Consequently, when mineralised tailings have been 
exposed to the weather for any length of time they will be found 
to contain sulphates, oxides, and sulphides in various stages 
of decomposition 

Soluble sulphates and freshly formed oxides possess a much 
more injurious efiect on solutions of potassium^cyanide than 
fresh, clean sulphides. Hence, in the treatment of piles of 
mineralised tailings the first thing to be considered is the best 
means of getting rid of the sulphal^s and oxides. 

The method of handling and successfully working old pyritic 
taihngs at our plant in Coromandel was as follows : With a 
good jet of water the tailings were broken up and washed through 
a J in. or | in^ screen, then lifted with an ejector and run into 
the tanks through a distributor. This broke up the material 
and removed the sulphates, while most of the oxides, being 
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held m suspension, passed ojS with the overflow water. When 
the tank was filled the pereolation-tap was opened and the 
tailings washed with water until no trace of acid was to be found 
m the washings. I found that a very reliable and convenient 
method of determining when the tailmgs had been sufficiently 
washed was to take a little working cyanide-solution in a beaker 
and to add to it some of the water to be tested. A resulting 
blue or brown colour indicated that more washing was required. 
The washing must always be continued until the test gives no 
colour. 

When the tailings had been sufficiently washed they were 
transferred to another tank. First a layer of tailings 2 in 
thick was placed on the filter-cloth, then a layer of shell or 
stone lime at the rate of about 10 lb. to the ton of tailings, 
then a layer of from 6 in. to 12 in of tailmgs followed by an- 
other layer of lime, and so on^until the tank was filled, in every 
case fimshmg with a layer of lime on the top By this method 
of working heavily mineralised decomposing tailmgs were suc- 
cessfuly treated with a 0 4-per-cont. solution of cyamde 

The causes which led me to put the lime in layers were 
the low bullion* extractions and the high cyanide and zmc con- 
sumption when the sands were treated in the ordinary way 
Besides, the reaction going on m the extractor-boxes was so 
strong as to cause the zinc to become brittle, thereby tending 
to form an undue proportion of zmc-fines. 

The bullion-slimes from the extractors were very low-grade, 
and on investigation this proved to be chiefly due to the presence 
of iron and alumina. The oxides of these metals left in tl*e 
tailings after washing in some way passed into solution, and 
became deposited in the extractors on the zinc. T concluded 
that the presence of these oxides was the cause of the whole 
trouble, tor the following reasons : — (o.) A small quantity 
of iron and alumina would saturate a 0‘4-per-cent, cyamde 
solution and thus render it incapable of dissolving the gold. 
(6.) In dissolving the oxides the consumption of cyamde wou^d 
be increased, (c,) In precipitating the iron from the solution 
a strong reaction would be set up in the boxes, thus causing 
the zinc to become brittle and broken. 

It was to overcome these difficulties that I put the lime 
in layers through the tailings. I found that the solutions in 
passin|; through the tailings became partly saturated, and, 
when in contact with the layer of lime, deposited the iron and 
alumina, being thereW regenerated and made capable of again 
dissolving bullion. l?hus the solutions passing through the 
filternate layers of tailings and lime were alternately exhausted 
and regenerated. Moreover, the layer of lime near the bottom 
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of the tank rendered the solution in good condition for the 
extractor-boxes 

By this method of treatment the following results were 
obtained . {a) The reaction in the extractors was rendered 
normal ; {b) the bullion - extractions were all that could be 
desired ; (c) the cyanide - consumption was reduced from 48. 
to Is. 6d. per ton , (d) the zinc-conBumption was reduced to 
about one-quarter , besides, there was a much less quantity 
of slimes to handle. 


Art. LXIIL — Geological Notes on the Country North-ivest of 
Lake Wakatijm, 

By Dr. P. Marshall. 

[Read before the Otago InHttvU^ I4tk November, 1006.] 

The country to the west of Lake Wakatipu has been but seldom 
visited. It has, however, been twice reported on in a general 
way by geological observers. 

Professor Park in 1887 made a flying reconnaisance through 
the district, and gave a general description of the geological for- 
mations he met with m the Reports of the Geological Survey. 
Professor Ulrich in 1890 publish^ in the “ Quarterly Journal of 
the Geological Society ” a general account of the rocks of the 
district, compiled from examination of specimens collected by 
several explorers. 

An expedition was made in January, 1905, by myself, with a 
party of students from the Otago University School of Mines, and 
Mr. A. E, Flower, of Christ’s College, As the district is still 
without any tracks, and is traversed by mountain-ranges of an 
extremely precipitous nature, while the valleys support a dense 
growth of forest, it was recognised that difficulties greater than 
those that usually impede a geolo^t would have to be encoun- 
tered. Fifteen days’ provisions were taken, as wed as an ordi- 
nary camping-outfit, so each man had to carry a load of 45 lb. 
at the start. The object was to cross over to the west coast 
via the Rock Bum, Hidden Falls, Olivine, and Pyke Streams, 
and to ascend the Red Hill Mountain of olivine formation. 
The weather expenenced entirely prevented this result, and the 
expedition was unable to prooe^ much further than the head 
of the Olivine Stream. Geolo^cal and physiographical observa- 
tions were made on the way, in the hope that some additional 
information might be glean^ as to the origin and nature of the 
surface features and structure of this out-of-the-way part of the 
country. 
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The valiey of the Rock Burn proved to be m all its features 
one of the typical glacial valleys of the west of Otago. Bounded 
by precipitous mountains rising to 6,000 ft. or 7,000 ft., on the 
sides it exhibited well the typical U shape of such valleys. At 
no point is this valley entered by a tributary at its own level. 
Its waters are fed by tributaries that enter its valley over water- 
falls. They are true hanging valleys. The floor of the valley is 
comparatively flat — about a quarter of a mile wide ; it is covered 
with dense forest except in its upper portions, and everywhere 
It is strewn with immense angular blocks of rock, some morainic 
in their origin, others have fallen from the frowning chffs above. 
Covered as they are with dense growth of ferns and forest, they 
offer formidable obstacles to the traveller, and the difficulties 
taken tog^hcr often limit the rate of progress to half a mile per 
hour, even when strenuous exertions are made. From time to 
time steps in the floor of the valley were met with ; over these 
the stream rushes with impetuous fury, but has cut but a narrow 
gap in the rock of which the floor is formed. These steps are a 
result of a sudden increase m the erosive power of the glacier 
which filed out the valley. The increase is usually due to the 
addition of a further quantity of ice from a small tributary, which 
made a material difference to the weight of ice, and hence the 
power of erosion of the glacier beneath the junction of the tribu- 
tary. The valley is about fifteen miles long, and m this distance 
its bed descends from an altitude of 3,620 ft. to 1,160 ft. where it 
enters the Dart. The valley terminates in a cirque, with pre- 
cipitous walls on the north and east, but on the west the slope is 
more gentle. 

On the east side the snout of a glaaier terminates at an eleva- 
tion of 1,200 ft. above the valley-floor. The glacier supplies the 
greater portion of the water of the Rook-burn Stream. The east 
side of the valley is usually 66® in slope. It is often a flat, bare 
surface poincident with the foliation plane of the schist. 

The west side of the cirque is comparatively low, rising to only 
4,490 ft. The west, therefore, forms a low pass over the Hum- 
boldt Range. The pass is only a quarter of a mile wide, and then 
descends precipitously to the valley of the Hidden Falls Stream, 
whose bed is here 1,000 ft. lower than that of the Rock Burn, 
the barometer giving a reading of 2,560 ft. above sea-level. 

There is no oush m the Rock Bum Valley at a greater height 
than 3,000 ft^, but on the east side of the Hidden Falls Valley it 
rises tb 4,000 ft. The valley of the Hidden Falls is less U-shaped 
tl^n that of the Bock Bum. This is mainly due to the huge 
slips and scree slop^ that have broken away from the steep 
faces and litter the sides of the valley. 

The Bidden Falls Stream obtains most of its water from 
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glaciere on the Barrier Range. The snouts of the glaciers are 
about 1,000 ft. above the valley-floor, and, as in the case of the 
Rock Burn, the waters from their melting ice tumble down pre- 
cipices into the valley below. This ice fills hanging valleys from 
which ice was under other conditions supplied to the main valleys. 

From the head of the Hidden Falls Stream there is a low, flat 
pass with mountain walls on either hand to the head of the 
Ohvino Stream. On the west side a mountain wall rises without 
a break, but on the east deep valleys cut far into the hills, and 
each appears to terminate beneath the snout of a glacier, though 
we were unable to spend the time necessary to prove this m every 
case There can be no doubt that all the flat of this deep pass 
was once covered by ice, for in many points of vantage on the 
mountain -side perched blocks, evidently of a different nature 
from that around them, arc to be seen. A large mass of moraine 
extends across the top of the Olivine Stream, This dammed 
up the stream, and is the main cause of the formation of the wide 
flat area of the pass beyond it. 

The Olivine Stream is in all essentials a duplicate of the Rock 
Burn. Tta mam features are certainly due to glacial erosion. 

From the Olivine there is a low saddle leading to the valley 
of Lake Alabaster. The slope on the Olivine side is extremely 
steep, and that stretching towards Lake Alabaster also appears 
precipitous. On the saddle itself the effects of ice-action are 
clear and pronounced. Rounded and worn rock-surfaces are 
everywhere in evidence, though the actual grooves and poUshed 
surfaces are here, as elsewhere, somewhat indistinct. 

The profound valley occupied by Lake Alabaster is entered 
by the Pyke River from the north-east. This river is, at a 
distance of twenty-five miles above Lake Alabaster, separated 
from the waters of Big Bay by a flat area of morainic matter 
no more than 200 ft above sea-level. This morainic matter 
fills a wide valley between the Skipper’s and McKensie Ranges, 
The Pyke River, instead of following this obvious straight 
course to the sea, turns sharply to the south-west towards Lake 
Alabaster, joins the Hollyford River, and after a course of thirty- 
five miles enters the ocean near Martin’s Bay. 

Evidently some special explanation of this eccentricity 
is required. The explanation is to be found in a considera- 
tion of the movements of the ice of the great Hollyford glacier. 
This prehistoric glacier received the ice from twenty-five miles 
of mountain-ranges on either hand, and, judging from the depth 
and width of its valley, must have attained enormous dimen- 
sions. In the lower part of its course the ice-stream under- 
went diffluence,” and a portion of it passed over a low saddle 
then occupying the site of Lake Alabaster, and entered the 
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«ea at Big Bay. Tho ice that followed tliis course was of great 
quantity, and soon eroded the saddle away, and formed the deep 
basin of Lake Alabaster on its way. As in this low country 
the ice would be gradually melting away, a “ reverse ” slope 
would be formed, and if the terminal face were near the sea 
in Martin’s Bay moraimc matter would be deposited there. 
Finally, when the climate became more gemal and the ice melted, 
the streams that took the place of the glaciers were blocked 
from Big Bay by the moraine, and flowed down the reverse 
slope to Lakes Alabaster and Mackerrow, whose waters were 
then continuous. Since then the detritus carried down by the 
Hollyford has advanced for and separated Lakes Mackerrow* 
and Alabaster from one another The course of the upper part 
of the Pyke, of the Olivine, and Barrier Streams clearly points 
to Big Bay as the original outlet for their water or their ice. 

The complete filling of the Hollyford Valley with ice also 
appears to ofier an explanation of the formation of the re- 
markable flat pass between the Olivine and Hidden Falls 
Streams. This would decrease the grade down the Hidden 
Falls Valley, for the surfaces of tributary and mam ice-streams 
are always on the same level, consequently the flow of ice was 
partly dammed back, and some of it flowed over a saddle into 
the Olivine and eroded it to its present low level. Still fur- 
ther on some of this ice appears to have passed over gaps from 
the Olivine to the Alabaster Valley, where the level of the ice- 
surfoce, owing to the small amount of gathering-ground in that 
locality, and its proximity to the glacier-snout, was less. 

One important fact in regard the physiography of this 
region is the very difierent levels of streams on opposite sides 
of mountain-ridges. For instance, the Rock Burn floor is 
1,000 ft. higher than that of the Hidden Falls Stream, on the 
other side of the pass. The Olivine floor is 3,500 ft. above 
Lake Alabaster, though only separated from it by a narrow* 
rock ridge. Instances might be multiplied indefinitely. They 
seem to point to the probability that here some cause has com- 
pletely upset the usual drainage conditions of areas of high 
land. Since this disturbing agent has ceased to act the normal 
relations of drainage valleys and systems have not been esta- 
blished, because sufficient time has not yet elapsed. 

That ice is capable of just this disturbance that is here 
found I believe to have been fully established by geologists. 
To my mind no writer has more fully stated the peculiarities 
of glacial valleys than Professor A. Penck, of Vienna, and Pro- 
fessor W, M* Davis, of Harvard. More especially has this been 
done lately in the “ Journal of Geology,” where Professor 
Penck, vrriting on the Glacial Features on the Surface of the 
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Alps,” has described facts that are point for point repeated 
time and again in the glacial regions m the south-west of Otago, 
It is inconceivable to me that earth- movements, sudden or 
gradual, could account for the many peculiar physiographic al 
features whicli have been alluded to in the previous pages 

The general geological structure of the district is indicated 
in the small sketch-map on p. 566. It is here advisable only 
to state that the district is one of mica-schist and phyllit<is 
with a dip and strike that varies little throughout the area 
Their age is still doubtful, for wlule Captain Hutton has lately 
classed them as of Archiean formation, Hit James Hector has 
classed them as Silurian, and other divergent statements arc 
not wanting. Through this 8(!hist there is intruded an igneous 
mass which outcrops at the Ohvine Saddle, as afterwards de- 
scribed 

The following rock-types have been distinguished, and their 
petrographical characters are described — 

Diorite . — Bryneira Saddle, between Olivine Creek and Lake 
Alabaster. Hand -specimen medium -grained. Hornblende and 
feldspar can be distinguished. Section All the feldspar is 
completely saussukitisecl, and the hornblende is uralitic. The 
exact original nature of this rock can only be guessed at. 

Gahhro.— Cow Saddle A coarse-grained rock showing de- 
composed feldspar and large cleavage-surfaces of diallage. In 
section the dmllagc is fairlv fresh, but the feldspar is completely 
changed into saiissunte. 

Pyroxenifc -Cow Saddle. Cleavage surfaces of diallage nu- 
merous and conspicuous. The mineral appears to constitute 
nine-tenths of the rock. In section the spaces between the 
diallage-grains are small, and are entirely filled with serpen- 
tine, mingled with which is some pyrite. 

Lkerzohf4 >, — Cow Saddle. A pale-yellow rock showing many 
cleavage surfaces of a pyroxene imbedded in the olivine. Sec- 
tions show large irregular grains of olivine nearly fresh. Pyrox- 
ene, both monoclmic and orthorhombic, is present. The former 
18 a very pale-green, and is referred with certainty to diopside. 
The orthorhombic pyroxene is quite colourless, and is certainly 
enstatite. In addition there is a fair quantity of a yellow mine- 
ral with a high index of refraction. It is far more transparent 
than the chromite of the dunite of Nelson and of Milford Sound, 
and 18 probably a chrome picotite. The mineral has not yet 
been separated for analysis. This description of the rock will 
be found to agr^ satisfactonly with the description of rocks 
from the Red Hill by Professor Ulrich.* In this description, 


♦ Quart Jouro, Geol. Soo,, voL xlvi, 1890, p, 627. 
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however, the green mineral that was evident m hand-specimens 
was not represented in any of the sections, and Professor Ulrich 
provisionally referred it to enstatite, which was present in quan- 
tity. Ulrich referred the rock to the group of saxonites of 
Wadsworth — that is, the hartzbergites of Rosenbusch and other 
authors. The demonstration of the fact that the green mine- 
ral is diopside, which is easily done in the sections now before 
me, justifies the classification of this rock with the Iherzolites. 
A section of this rock was sent some months ago to Professor 
Rosenbusch of Heidelberg. The section, however, was in some 
respects exceptaonal, for but little olivine was present ; and Pro- 
fessor Rosenbusch stated that the rock was a websterite, a 
connecting-link between the hartzbergites and the pyroxemtes. 
A partial cataclastic structure was also remarked upon. See- 
ing that in the greater part of the rock olivine is very abundant, 
1 feel justified in classing the rock with the Iherzolitos in spite 
of the statement of the eminent authority. I would wish, how- 
ever, to put on record my deep sense of gratitude to Professor 
Rosenbusch for the kindness and assistance that he has so 
readily extended to me. 

Ihinite , — A large mass of the rock is of a dark-slate colour, 
weathered on the surface to a dull-brown. In hand -specimens 
it appeared perfectly dense; sections, however, showed at once 
that the rock is really a dunite in process of serpentinisation. 
A little chromite and pyroxene are present, but the greater 
portion is a mass of olivine-grains traversed in all directions 
by small veins of serpentine, forming a very complete mesh 
structure. 

The arrangement of these rocks is shown in the plan on the 
following page. 

The weather effectually prevented an exact demarcation of 
the boundaries of the different rock- types, and the approximate 
boundary of the Iherzolite was made out observing the colour 
of the rocks where they emerged above the snow in the distance. 

It will be noticed that the igneous rooks are bounded by 
schists on the east and by the Te Anau breccia on the west. 
The latter, however, may quite possibly be the effusive type and 
associated fragmentary rocks of the diorite magma adjacent to it. 
Prom the boundary of the diorite there is a regular increase of 
basicity until the Iherzolite is reached. At the south end of tl e 
area the Ilierzolite is certainly in direct contact with the schist on 
the east side. 8o far as could be seen the division-lines between 
the dif^rent rocks correspond in direction and inclination with 
those of the schist. If this should finally prove to be the case, 
further work will be necessary to decide whether the igneous 
mass was a laocoiite that has since been subject to the same 
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folding movements oh the surrounding rocks, or whether the 
mass is an intrusion formed subsequent to the main rock-move- 
mcnta of the region. The apparent abrupt change on the last 
from Iherzohte to schist, and the gradual change of rock-t3rpe to 
the west, seem to support the former view. At any rate it is 
apparent that here there is abundant material for studying the 
differentiation of a magma from which rocks varying from diorite 
to Iherzohte have crystallized. However, the exceeding remote- 
ness of the locality, the roughness of the country, and the great 
difficulty of obtaining supplies render it unlikely that the dis- 
trict will be revisited for some time, hence it was considered 
advisable to place on record even these vague and ill-deter- 
mined facts. 
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The probable tranaition from the peridotite type to gabbro 
was already supposed by Professor Ulrich, from information 
supplied by Butement, who had gathered it from observations 
made nearer the coast-hno. 
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The expedition to this reKion was made with the object ol 
inakinK observations on the nickel-iron alloy awaruite; but so 
far as that object was concerned it was without result, No 
awaruite was found, and no nickel could be found in the rock 
when chemical tests were made. It appears, therefore, that 
awaruite does not occur in the pendotite rocks of the south end 
ol this extensive magnesian region. 

The relationship of this area to the magnesian rocks of Mil- 
ford Sound, described by me last year, is not a very close one, 
though of course the two olivine rocks belong to the same group 
and occur in the same petrological province. The dumte ol 
Milford Sound contains much darker chromc-ore, and is almost 
destitute of diopside. The hartzbergite ol Milford Sound con- 
tains a chrome-bearing magnetite, but no picotite or chromite 
or diopside. In the present peridotitc the picotite is pale- 
coloured, diopside 18 abundant, and enstatite less freijuent. 
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Becobds of Milks Sbismogbaph No 20, at Wellington, from January, 1905, to December, 1905 

(inclusive) 

41^ 17' S. ; iongiitide, 174^ 47' E. Greenwich mean civil time Midnight, 0 h. or 24 h ; hours, 1 to 24. Time in 
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THIRTY-SEVENTH ANNUAL REPORT. 

The annual meetjnjj; of the Board of Governors was held on 
the 24th January, 19()6, in the (^olonial Museum, Welhngton, 
and was attended bv fifteen members. 

The Council reported that at the annual meeting h#ld on the 
19th Januaiy, 1905, the following officers were re-elected . 
President — Captain Hutton, F.K.8. ; Treasurer — Mr. .1. W. 
Joynt, M.A. , Secretary— Mr. T. H. Gill, M.A., LL.B. ; Editor 
of the Transactions and Librarian — Mr. A. Hamilton. 

The members now on the roll are — Honorary members, 28 ; 
Auckland Institute, 164 ; Hawke’s Bay Philosophical Insti- 
tute, 56 ; Wellington Philosophical Society, 117 ; Philosophical 
Institute of Canterbury, 124 ; Otago Institute, 106 ; Nelson 
Institute, 24 ; Westland Institute. 56 ; Manawatu Philosophical 
Society, 38 * making a total of 709. 

The nominations received in accordance with the provisions of 
the Institute Act are : By the Government — Messrs. A. Hamil- 
ton and J. Young ; Auckland Institute— Professor Thomas, 
Mr. J . Stewart ; Hawke’s Bay Philosophical Institute — Mr. H. 
Hill ; Wellington Philosophical Society — Professor Basterfield, 
Mr. Martin Chapman ; Philosophical Institute of Canterbury — 
Or. Chilton, Dr. Farr ; Otago Institute — Professor Benham, 
Mr. G. M. Thomson ; Nelson Institute — Dr. Cockayne ; West- 
land Institute— Mr. T. H. Gill ; Manawatu Philosophical 
Society— Mr. W. Welch. 

The volumes of Transactions now on hand are— Vol. I 
(second edition), 319 ; Vol. V, 36 ; Vol. VI, 26 ; Vol. VII, 148 ; 
Vol, IX, 219; Vol. X, 141; Vol. XI, 396; Vol. XII, 3()9 ; 
Vol. XIII, 146; Vol. XIV, 111; Vol. XV, 284; Vol, XVI, 
274 ; Vol. XVII, 535; Voi. XVIII, 313; Vol XIX, 560, 
Vol XX, 467 ; Vol XXI, 460 ; Vol XXII, 566 ; Vol XXIII, 
675 ; Vol. XXIV, 676 ; Vol XXV, 632 ; Vol XXVI, 620 ; 
Vol. XXVII, 612; Vol XXVin, 696 ; Vol XXIX, 699; 
19— Trans. 
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Vol. XXX, 693 ; Vol. XXXI, 704 , Vol. XXXII, 527 ; Vol. 
XXXIII, 620, Vol. XXXIV, 573; Vol XXXV, 535; Vol. 
XXXVI, 70i). These are now stored in the Parliauientarv 
Bmldinjsjs. 

fUj The volume for 1904, published June, 1905 (XXXVIl), 
contains sixty-two articles, also short summaries of the pro- 
ceedings of the various scientific societies affiliated to the 
Institute. The volume consists of 650 pages and fifty-five 
plates. A comparison of the contents of Vol XXXVIl with 
those of Vol. XXXVI is as follows — 


Miscellaneous 

1904 

Images 

215 

1903 

129 

Zoology 

145 

90 

Botany . 

51 

169 

Geology 

143 

108 

Chemistry and physics 

27 

11 

Retards of Milne seismographs 

8 


Proceedings 

39 

23 

Appendix 

. 32 

38 


650 

568 


The whole of the work was done at the Government Printing 
Office. 

During the year the Institute in particular and science in 
general sustained a great loss by the death of Captain Hutton, 
F.R.S. At the time of his death, which occurred on the 
“ Rirnutaka ” between London and Cape Town, Captain Hutton 
was President of the Institute. He was associated with the 
work of the Institute from its inception, and liis labours in the 
cause of science are well known throughout the colony. The 
Philosophical Institute of Canterbury, with which Bociety the 
late Captain Hutton was more intimately connected, at a recent 
meeting unanimously passed a series of resolutions requesting 
the Institute to commemorate the services of our late President 
by establishing a Hutton Memorial Research Fund. 

During the year the standing committee has paid a good 
deal of attention to the Carter bequest. By the will of the 
late Charles Rooking Carter certain moneys were vested in the 
Governors of the New Zealand Institute. The words of the will 
are, “ and as to all the residue and remainder (if any) of the said 
net proceeds of the sale and conversion and getting in of my 
estate as aforesaid, my trustee shall transfer the same to the 
Governors tor the time being of the New Zealand Institute at 
Wellington to form the nucleus of a fund for the erection in or 
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near Wellington aforesaid and the endowment of a professor 
and staff of an astronomical observatory fitted with telescopes 
and other suitable instruments for the public use and benefit 
of the colony, m the hope that such fund may be augmented 
by gifts from private persons and that the observatory may be 
subsidised by the Colonial Government.” On the 28th February, 
19()5, the interest and principal amounted to £2,3()9 158 4d., 
and in addition there is certain scrip in the New Zealand Loan 
and Mercantile at face-value. The money is invested by the 
Public Trustee, and is earning interest at the rate of 4 per cent, 
per annum. 

In reply to a resolution passcid at the last annual meeting 
m re binding scientific periodicals in the Institute library, 
the Colonial Secretary has informed the Institute that the 
sum of £2(X) has been appropriated by Parliament for that 
purpose. 

The Royal Geographical Society of Australasia, Queensland, 
celebrate the twenty -first anniversary of the foundation of the 
society in the last week of June, 1906. A cordial invitation is 
extended by the Council of the Queensland Society to the New 
Zealand Institute Board of Governors. 

Mr. Henry Suter, of Auckland, asks the Institute to under- 
take the publication of a new catalogue of MoUtisca of New 
Zealand. 

All these matters will come up for consideration at this 
meeting. 

Notices of motion dealing with nature-study in public schools 
and the establishment of a Forestry Board have been received 
and will need your attention. 

The Library Committee and the Publication (Committee 
present separate reports. 

Maktin Chapman, Chairman. 


Statement op the Receipts and Payments of the New 
Zealand Insittute pok the Year ended 31st December, 
1905. 


Receipts, 

Balance from last year 
Government grant 

Contribution from Wellington Philosophical Society 
Sale of Maori Art ” . . 

Sale of Transactions . . 


£ H. d 

418 1 9 
500 0 0 
43 1 6 
49 6 6 
7 3 0 


£1,017 12 9 
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Payfnents 


Salanes — 

£ 

8 

d. 

Editor 

60 

0 

0 

Secretary 

26 

0 

0 

Printmg Transactions, Vol XXXVII 

462 

16 

0 

Expenses of library . 

13 

16 

0 

Travelling-expenses attending meetings . . 

16 

19 

1 

Postage, foreign volumes 

6 

0 

0 

Printmg, stationery, and binding 

15 

2 

6 

Miscellaneous payments 

Balance — 

11 

3 

11 

Cash in hand 

0 

8 

7 

Cash in bank 

. 416 

7 

8 


£1,017 

12 

9 

Balance to credit of Carter bequest . . 

. . £2,421 

19 

11 


(Loan and Mercantile scrip, nominal value.) 


Audited and found correct. 

Wm. Beauchamp Platts. 

Wellington, 24th January, 1906 
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WELLINGTON PHILOSOPHICAL SOCIETY. 


Annual Meeting bih AprU , 1905 
Professor Easterfield, President, in the chair. 

New Members — Dr. J. M Bell, Mr H. M Christie, Mrs 
H. M. Christie, and Dr, L. Cockayne. 

The President announced with regret the death (which 
took place in February, 1905, at Tam worth, New South Wales) 
of Mr. Ambrose Quail, a former member of the Socnety, and 
an occasional contributor of papers to the Transactions. 

Mr. (J V. Hudson said that Mr QuaiTs death- of mIucIi lie now heard 
for the first time — was a serious loss to science Formerly a lesident of 
Palmerston North, Mr Quad had removed some time ago to Queensland 
His Rjiecial branch of study was the minute structure of insect s he might 
he described as an entomological imcroscopist. Bo excelled as a diafts- 
man , and it might safely be said that no bolter drawings than those of 
Mr. Quad were to be found in entomological publications Hi? bad been 
a valued contributor to the Transactions of the New Zealand Institute,*' 
and to the “ Transactions of the Australasian Association for the Advance 
raent of Hcienco.” 

The Secretary, Mr Thomas King, read the animal report 
and statement of accounts. 

The report stated that seven meetings had btMjn held during the ses 
Sion of 1904, and that the total number of papers read at these meetings 
had lieen twenty-two, which exceeded by seven the number read during 
the preceding session. The roll had been purged by the deletion of tlie 
names of a number of persons who bad ceased to bt^ members by reason 
of the non-paymoni of their subsen ptions. 1'hree members had resigned 
during the year, and eight new members had been elect<*d. The total 
membership was now 104 

The receipts, including a balance of £76 6s. brought forward fiom the 
})roviou8 year, amounted to £163 lOs., and the exi>©ndituro (including 
two years’ oontributions to tlie funds of the Now Zealand Institute) to 
£110 Os 5d , leaving a balanoe in hand of £44 Os 7d. The Research Fund, 
on fixed deposit with the Bank of New Zealand, amounted to £39 lOa ; so 
that the total sum at the credit of the Society was £84 8s. 7d ^ y 

ELBcrnoN of Officers for 1905. — Preatdent — Mr. Martin 
Chapman ; Vioe-Pr€ 9 ident 8 — ^Professor T. H. Easterfield and 
Mr. 0. Hogben, M.A. ; Council — ^Mr. Edward Tregear, Mr 
O. V. Hudson, F.E.8., Professor H. B. Kirk, Mr. C E. Adams, 
B.8o., Sir James Hector, K.C.M.G., F.R.S., Dr. A. K. Newman, 
and Mr. J. W. Poynton ; Secretary and Treasurer — Mr. Thomas 
King ; Auditof — Mr. E. R. Dymock, A.I.A., N.Z, 

Besj^nding to a vote of thanks moved by Mr. Martin Chapman, Pro- 
fessor Easterfield, the retiring PresidenC said "that ho must congratulate 
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the Society on its excellent record of work for the yiww*. Once again he 
felt It right to remark that in all cases the papers which had come before 
the Society had been the result of careful work by the authors themselves, 
and were not merely ]K»}mlar descriptions of other |>eople’B work, as was 
the case with the papers of so many societies He thought it a sign of 
great pnuniso that m Wellington, notwithstanding the extreme “ business ” 
charac ter of tlic people, we were able to find a large number of observers 
capable^ of contributing something from their own observations. It was 
work of this kind to which wo must nltimatcdy look for the advancement 
of any branch of science 

Pilfer — “ Two New Ferns,” by H. C. Field. (Tranaac- 
Hons, p 496 ) 

Exhibit . — Professor H. B. Kirk exhibited under the micro- 
scope a specimen of a rare species of Volvox. 


First Meeting • 3rd May, 1906. 

Mr. Martin Chapman, President, in the chair. 

Papers. — 1. “ The Kstiraation and Detection of the Al- 
kaloids by Means of their Double Sulphocyamdes,” by P. W. 
Robertson, M.A., Rhodes Scholar. (Trcmsactions, p. 61.) 

Professor Easterfield congratulated Mr Kobertson on his investigations, 
and said that the author’s test for the detection of the presence of certain 
alkaloids was likely to prove a very useful one. 

2 “ Flints from Miramar ” (with exhibits), by Henry M. 
Christie. 

3. “ Struggle between a Brown Spider and a Common 
Worm,” by Henry M. Christie. 

4. “ Capture of an Octopus at Lyall Bay,” by Henry M. 
Christie. 

Professor H. B. Kirk gave an account of various biologioal 
laboratories visited by him during a recent trip to Europe, 


Second Meeting : 7th June, 1906. 

Mr Martin Chapman, President, in the chair. 

Papers. — 1. “ Natural Photography,” by Coleman Phillips. 

2. On New Ziealand Earthquakes,” by 0. Hogben, M.A, 
{Tramactmns, p. 602.) 

Mr. A. Mc^Kay agreed generally with Mr Hogben, hut desired to point 
out that while, as Mr. Hogben had argued, the unes of seismic activity in 
Now Zealand were, broadly speaking, parallel to the great fauH-lines 
of the country, yet very many of these lines of faulting (at Okarito, for 
example) converged upon, and even intersected, one another, Mr. Mc- 
Kay said that the line of activity south of Banks Peninsula to which Mr. 
Hogben hod referred was unknown t< Mroself. 

Dr. Newman mentioned that settlers on the east coast of the North 
Island were of opinion that the country along the coast-line in their die- 
tnot was gradually tilting up. He ii^tanced the experience of a settler# 
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who found that hiH carls, when loading woi»l m the »uif- boats, had now 
to uegoUate a very different depth ot water from that which was the rule 
Home years ago 

Air Hogbtm, m his re^dy, referring to the case of the settler of whom 
Dr Newman had spoken, exjiresseil the ho|H that we nnght soon sec^ good 
bench-marks all round the eoasta of the colony, or, failing these, some 
suitable mstrunient/S, such as the simple rhiioineter recommended by the 
Hr itish Association 

3 “ Results of Dredging on the Continental Shelf of New 
Zealand ” (Part J), bv Charles Hedley, h'.L.S., Sydney , com- 
municated by A Hamilton. {Transactions, p. 68.) 

ExhibUs — At the invitation of the (yhairman, Mr A Hamil- 
ton, Director of the Colonial Museum, Wellington, exhibited 
and described some recent additions to the Museum Mr 
Haimlton also exhibited a wooden tablet from Easter Island 
bearing lines of hieroglyphics presumably inscribed upon it 
by the ancient inhabitants ot the island 


Third Mrkting 5/^ July, 1905. 

Mr. Martin Chapman, President, in the chair 

New Member. — Mr. Percy B. Philson. 

Papers.— \. “Recent Discoveries of Moa- bones on Miramar 
Peninsula, Wellington,” by Henry M. Christie. 

In the diMcuHKion which followed the reading of thin pecker. All Edward 
Tregoai, dealing with the niueh-deliated (piostiou of the peiiod at wbub 
the moa bi'came extinct, evpresKod the opimon that at present the whole 
subject was beset with difficulties • it w'as impossible to come to a de* 
finite eoiiclusion. Although the geologistM tried to convmee us that with- 
in (juite recent times the Maoris were feasting on the moa and its c'ggs on 
Miramar Peninsula, he himself was iK*t prepaied to admit that Alaoiis 
living m or near our own times had ever seen the bin! It stHunetl to him 
that it must lie much more Uiati four hundred years since the moa became 
extinct 

Mr. A. McKay defended the view that the moa had suivived lo very 
retwit times. He instanced places near Wellington W'heie he had col- 
loeled very manv moa-bones and egg-shells At one of these 8})otH he had 
found “gallons'’ of the egg-shells, which had plainly been cookeil, and 
the contents of which had drubt-ess been eaten. To his mind the evi- 
dence was overwheliTiing thet the moa was herc^ a hundred yenrs ogo. He 
gave reasons for believing that moa-eggs (some of them iii piocess of m- 
cubation) had been eaten in abundance by the Natives m different parts 
of the colony. 

2. “ F©eding*place of Starlings,” hj Henry M, Christie. 

3. “ Some New Compounds of a Similar Nature to Antife- 
brine,” by P. W. Robertson, M.A., Rhodes Scholar. (Trans- 
actions, p. 46.) 

Professor Easterfiold pointed out that the work embodied in Mr. 
Kobftrtfion’s paper eould claim, in addition to its scientific interest, a direct 
ntiJitsurian value. 
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4 “ Expenmentfl in Telepathy,” by J. W Poynton. 

It was moved bv Dr A. K. Newman, and seconded by Mr. 
Edward Tre^ear, “ That, this being the last meeting of the 
Boeiety which Mr P. W Kobertson will attend prior to his 
<lepartuTe for Oxford, the meeting extends to him its congratu- 
latjons on his securing a Rhodes scholars lup, and offers him 
its best wishes for success in his future career.” 

The motion was earned hy acclamation 

Mr Roljertson thanke<l the meeting heartily for its motion of good 
will, and e\f)reHRC*d his acknowledgment h to the Society for its action 
in allowing him to puhliBh in the Tranaactions the results of his work 

^^Exhxhitfi — Miss Mestayer exhibited (1) A specimen of car- 
borundum ; (2) a specimen of Scutum amhufuum , ; (3) speci- 
mens of several other shells 


Popular Lkoture IM July, 1905. 

Mr. Martin Chapman, President, in the chair. 

A popular lecture on “ The Indians of the Far Canadian 
North ” was given by Dr J M Bell, Director of the New Zea- 
land Qeologica] Survey 

The lecture was ojxm to the public, and a very large number of per- 
sons attended 

Dr Bell illustrated his lecture by an interesting series of lantom- 
sUdes froiri photographs tak( ii by himself in Canada 

On the motion of Mr (4 Hogben, seconded by Mr Edward Tregear, 
a vote of thanks was [lasscd to Dr Bell for his lecture 


Fourth Meeting * August, 1905. 

Mr. Martin Chapman, President, in the chair. 

New Members — Dr. Arnold W. Izard and Messrs. James Mc- 
Donald, T R. Fleming, Ernest F. Hadfield, and W. J. Harland. 

An advance copy of Vol. XXXVII (1904) of the “ Transac- 
tions and Proceedings of the New Zealand Institute ” was laid 
on the table 

Exhibit, — Dr A. K. Newman exhibited a Maori war- 
trumpet. 

At the invitation of the Chairman. Mr. W. H. Warren played on the 
instrument a number of army regulation bugle-calls He explained that 
most of the army calls could b^< given on this trumpet. 

Ml. Edward Tiegcar said that the trumpet was used in former times 
by the Natives for signalling m a sort of telegraphic code, as well as for 
war purposes. 

Papers. — 1. "‘A Rare Image of the Maori God of Eela 
(Tuna),” by Dr. A K. Newman. (Transactions, p. 180.) 

The author exhibited the image described in the paper. 
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2 “ Notes on Insect Swarms on Mountain-tops in New Zea- 
land,” by G V. Hudson, F.E S (Transactions, p. 334.) 

3. “ Notes on a Meteoric Appearance,” by Martin Chapman. 
(Transadions, p. 143.) 

4. ” Note on the Facultative Saprophytism of Alternana 

by A H Cockayne. 

5 ” On some Forawmifera and Ostracoda obtained off Great 
Hamer Island, New Zealand,” by Frederick Chapman, A L.S., 
F R.M.S , Palaeontologist Natural History Museum, Melbourne ; 
communicated by A Hamilton. (Transactions, p 77.) 

Mr. T. W Kirk, F.L.S , Government Biologist, by invita- 
tion addressed the meeting on ” Potato and Tomato Diseases 
and on ” Nitrogen-fiMug Bacteria,” illustrating his remarks by 
a number of exhibits. %v \ 

I ' ^ 

A hoi>e was expieanpd tliat Mr Kirk would rene\v the suhjects at a 
suhsecjuent luwting. and give memliers an opportunity of diHeiissmg 
tlu'ni more fully than was possible in the limited tunc available on this 
<H<a«ion 

Mr. Kirk piomised to do so 


Fifth Mkktino : September, 1905. 

Mr. Martin Chapman, President, in the chair. 

New Members. — Mr. J. S. Tennant and Mr. Thomas William 
Downes (Wanganui). 

Mr. T. W. Kirk continued his remarks (adjourned from the 
previous meeting) on ” Potato and Tomato Diseases ” and on 
“ Nitrogen-fixing Bacteria.” 

In illufiitraiton of the points touched upon, he threw upon the st reen 
a niunlier of lantern photographs He strongly insisted upon the econo- 
mic importance of the subjocta 

A number of questions were asked by membeis, and duly answered 
by Mr Kirk. 

A vote of thanks was passed to Mr Kirk for bringing these (piostionB 
befoie the Hociety 

Paper . — ” On Temporary Stars,” by Martin (%apman. 
(Transactions, p. 189.) 

Exhibits. — 1. Mr, G. Hogbeu exhibited and described seis- 
mograms taken at Wellington and Tokyo of the great Indian 
earthquake of the 4th April, 1906. 

2. Mr. Martin Chapman exhibited a specimen of Maori 
chewing-gui 4 * 

He said that this substance was found on most parte of the coast of 
the North Island, and also at the Chatham Islands. The specimen in 
question had been given to him by a Chatham Island Native. The Maoris 
Were rather fond of chewing this substance, much in the same way as 
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white children were addicted to chewing mdiarubber The Natives called 
It mtmiha, meaning the hair seal, or jMikake, aignifyuig whale; also 
“ canoe ot deinoiiH ” They said that it« eonimon form re- 
sembled that of a canoe Mr Chapman said that to him the suhsiaiice 
api'ieaietl to l>e crude jietrolounu completely siin-dried — -i.r , the volatile 
parts ha^l evajioiated, leaving only the heavy or pitch-hke residue 


Sixth Meeting * Uh October, 1905. 

Mr. Martin Chapman, President, in the chair. 

'Sew Memtm.—Mr. and Mrs. Joseph A, Tripe, and Messrs. 
G. A. Hurley, J. M. A. Ilott, and C. B. Morison. 

The Chairman announoml that an extra meeting of the 
Society would be held on the Ist November, and that a popular 
lantern lecture on “New Zealand Birds ’’ would probably be 
given at the beginning of December by Mr. Edgar F. Stead, of 
Christchurch. 

Papers. — 1. “ Maori Place-names, with Special Reference 
to the Great Lakes and Mountains of the South Island,” by 
James Cowan. (Transactions ^ p. 113.) 

Mr Justice (Tiapman, rcfcmng to the list of place-names mentioned 
by Ml Cowan as having been compiletl by himself (Mr. Justice Chapman), 
said that in listening to the pa)xir he had been struck by the fact that the 
results obtained by Mr Cowan from personal investigations amon^t 
the Natives showed almost absolute agreement with those obtained by 
himself, although he had derived his information from people living a 
hundml and fifty miles away from the Maoris consulted by W. Cowan. 
It was rather surpnsmg that two independent inquirers should oome to 
such agreement in work of the sort It was very cfifficult to get information 
about these place-names from authentic Maori sources, although easy 
enough to obtain so-railed information from Natives possessing no real 
claims to knowledge He agretid udth Mr. Cowan m thinking that the 
majonty of Native plare-narnea were personal names. He complimented 
Mr Cowan upon the accuracy of his work. 

2. “ Ruas on Seatoun Heights,” by H. N. McLeod. 

3. “ On Flabdlum ruqutosum'^ by Henry Suter, Auckland ; 
communicated by A. Hamilton, {fransadions, p. 334.) 

4. “ Notes on New Zealand Mollusoa with Descriptions of 
New Species and Sub-species,” by Henry Suter, Auckland ; 
communicated by A. .Hamilton. (Transactions, p. 316.) 


Annual Meeting : 4^* October, 1906. 

Mr. Martin Chapman, President, in the chair. 

The CJouncirs annual report and annual statement of receipts 
and expenditure were read and adopted. 

The report mentioned {tnler dta) that six meetings had been held 
during tile session of 1965, and that twenty-one papers in all had been 
read. 
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The attendance at mo«t of the meetings had been good 

Two mombers had resigned, and seventeen new members had been 
elected The total iiumlier of members now on the roll was 1 10 ; but 
this was likely to be reduced somewhat, as the roll was about to undergo 
further revision, several nominal members being in arrears with their sub- 
scriptions 

In recognition of his invaluable serviceH to science and to the Society, 
Sir dames Hector, K C M G., had been elected an honorary hfo-member 
of thp Society. 

The statement of receipts and cxjionditure showed that the receipts 
(including a balaiuie of £44 Os 7d brought forward from the jirevious 
tinaiicial |»eriod) aniouiilod to £100 Ss 7d , and the exyienditmx^ to 
£70 4s (kJ., leaving a cwdit balance of £36 4s Id., wluch, with the sum of 
£41 38 at credit of the Research Fimd with the Bank of New Zealand, 
made a total of £77 7« Id. m hand 

The previous annual meeting having l>€»on hold in April, 1905, the 
period c overed by the prewmt statc^ment was one of only some six months ; 
but, these six months being the months of session, the expenditure was 
relatively heavier than the re^joipts The present meetmg had been oalWl 
in Oct-ober, instead of in the following autumn, because of an alteration in 
the rules of the New Zealand Institute Under one of the now rules of 
the Institute it was necessary that matter intended for inserljon in any 
given year’s volume of the Transactions and ProreodingB should he m 
the hands of the editor of that pubhcation not later than the 31st Decem- 
ber of such year. This made it desirable to hold the annual meeting at 
some convenient time towards the end of the session, and no doubt future 
Councils, following the precedent set on the present occasion, would ar- 
range their dates accordingly each year. 

Election of Officers for 1906. — President — Mr. Martin 
Chapman; Professor T. H, Easterfield and 

Mr. G. V. Hudson ; Council— Professor H. B. Kirk, Mr. C, E. 
Adams, B.8c., Sir James Hector, K.C.M.6., P.R.8., Dr. A. K. 
Newman, Mr. J. W. Poynton, Mr. A. Hamilton, and Mr. T. W. 
Blirk, F.L.8. ; Secretary and Treasurer — Mr, Thomas King , 
Auditor — Mr. E. R. Dymock, A,I.A., N.Z. 


Seventh Meeting : Isf November, 1905. 

Mr. Martin Chapman, President, in the chair. 

New Member. — Mr. Hen:^ Rix-Trott. 

The Chairman said that it was his sad duty to announce the 
death of Captain P. W, Hut^n, F.R.S., of Christchurch, Presi- 
dent of the New Zealand Institute. ^ 

He said that Captain Hutton was very widely known by reason of 
his scientific work, and the loss which the colony sustained by hia death 
was a very great one. Captain Hutton was a man of the highest scientific 
attainments, and one whose work was of great value to New Zealand. 

On the motion of the Chairman, seconded by Professor T. H. Easter* 
field, the following resolution was unanimously paaaed: **The OounoU 
and members of the Wellington Philoaophioal Society desire to place on 
record their sincere re^et at the death of Captain F. W. Hutton, F.R.S., 
President of the New ZeaUmd Institute, and their high appreciation of hia 
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work m almost every branch of natural history , and they direct that a 
copy of this resolution be sent to Mrs Hutton.” 

Papers. — 1. “ Notes on some South Island Birds and Maori 
Associations in connection therewith,” by James Cowan. 
{I'ransdctioiis, p 337.) 

Captain CJiUwrt Mair complimented Mr Cowan on his paper. As to 
the shiimig cinkoo (pipiwharauroa). Captain Mair pointed out that al- 
though, so far an the South Island was concerned, Mr Cowan might be cor- 
rect in saying that the bird did not apjwar until October, it was a mistake 
to think that the real tune of its ai rival m the colony was as late as this 
As a matter of fact, m some parts of the North Island this yearly visitor 
appeared about the 2l8t SepU^mber Captain Mair’s father, who lived in 
the Auckland Province from 1818 onwards, used regularly to hear the 
bird’s cry on or about that date 

2. “ The Transformation of Barley into Malt,” by Percy 
B. Phipson. 

With the aid of drawings on the blat k board, and of specimens of the 
gram, Mr Phipson gave an (explanation of the process of obtaimng malt 
from barley The exhibits showed the various stages through which 
the gram passed before it was hnally (onverted into malt 

Professor T H Easterfield and Professor H B Kirk spoke highly 
of the extreme (dearness with whuh Mr Phipson had set forth a subject 
winch was not always tri'ated very satisfactordy in the text-books- 

3. “ Some Histone Maori Personages,” by Thomas W 
Downes, Wanganui (Transactions, p. 120.) 

In the disi'ussion on this paper, Captain Gilbert Mair said that he con- 
sidered that a painting of Te Rauparaha which was executed by the laU' 
Mr. C I) Barraud, of Wellington, m 1845 was the best portrait in exist- 
ence of that wan’ior 

Mr Hamilton pointed out that the value of Mr Downes’s communi- 
cation lay m the fact that he had enjoyed the imvilege of access to the 
sketch-books of the late Mr Gilhllan As Mr Downes’s photographs 
had been produced entirely without handwork or retouching of any kind 
they wore to be relied upon as accurat^^ copies of the original sketches. 

4. “ Tram-line and Railway Curves,” by Miss Maud Rigg, 
M.A., Jacob Joseph Hcholar in the Victoria College, Wellington ; 
communicated by Professor R. (I Maclaurin. 


Popular Lecture : 6th December, 1905. 

Mr. Martin Chapman, President, in the chair, 

A lantern lecture on “ New Ztmland Birds was delivered 
by Mr. Edgar F. Stead, of Christ church. 

The lecture was oi>en to members and their friends, admission (to avoid 
overcrowding) being by ticket. A full audience was present 

A large and extremely interesting series of photographs of birds and 
their nests, from negatives taken from life by Mr. Stead, was shown on the 
screen, each picture being briefly described by the lecturer. 

On the motion of Professor T H Easterlield, second^ by Professor 
H. B. Kirk, a hearty vote of thanks was passed to Mr Stead. 



AUCKLAND INSTITUTE. 


Fikst Mkktino hth June , UK)5. 

Professor A. P. W. Thomas, President, in the chair. 

New Mewhers, — W, S. Douglas, W. J. Hazard, E. Langguth. 

The President delivered the anniversary address, taking as 
his subject “Nitrogen-fixing Bacteria.” 

The addreMH was oopiou&ly illustrated with lantem-skdeB and diagrams, 
and specimens of plants grown with and without the aid of mtrogen- 
fixing bactena were exhibited 

At the conoluMion of tho address a cordial vote of thanks was passed 
to Professor Thomas 

Second Meeting . 3rd July ^ 1905. 

Professor A. P. W. Thomas, President, in the chair. 

Mr. E. Clarke, M.A., gave a popular lecture, with numerous 
limelight illustrations, on “ Rivers and their Work.” 

Third Meeting . J ' uly , 1905. 

Professor A. P. W. Thomas, President, in the chair. 

Professor F. D. Brown delivered a popular lecture, illustrated 
with numerous experiments, on “ Alcohol as a Fuel.” 

Fourth Meeting . 2 %ih Au>gusl, 1905. 

Professor A. P. W. Thomas, President, in the chair. 

Professor C. W. Egerton gave a popular lecture on 
“ Thackeray.” 

Fifth Meeting : 2hth Seftmber, 1906. 

Professor A. P. W. Thomas, President, in the chair. 

Mr. J. H. Howell, B.Sc., gave a popular lecture, with nume- 
rous experiments, entitled “ The Story of Radium.” 

Sixth Meeting : 9fft Ocfofeer, 1906. 

Professor A. P. W. Thomas, President, in the chair. 

New Members. — E. 0. Brown, G. M. Newton. 

Papm. — 1. “ Description of a New Grass,” by D. Petrie, 
M.A. {Tramaotionst p. 423.) 
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2. “ The Winged Pilot of Hawaiki,” by Archdeacon P. 
Walsh. (Transactions, p. 127.) 

3. “ A Find of Kauri-gum at Rangttikei, Wellington,’* by 
S. A. R. Mair (Transactions, p 499 ) 

4 “ NotcH on the (Irowth of certaiu Native Trees in the 
Auckland Domain,” by d Stewart, O.E. (Transactions, p. 374.) 

5. “ The Scenery and Rocks of the Omahu Coast,” by 
H. G. Cousins, M A. 

Seventh Meeting 23id October, HK)5. 

Professor A. P. W. Thomas, President, in the chair. 
Professor H. W. Segar delivered a popular lecture, copiously 
illustrated with limelight views, on ” The Sun.” 


Eighth Meeting Cuh Decemtier, 1905. 

Professor A P W. Thomas, Picsident, in the chair. 
Papers . — 1 “ The Whaie Potae, or House of Mourning,” 
by Elsdon Best. (Transactions p 148.) 

2. “ Additions to the New' Zealand Fauna,” by Rev. W. 
Webster. (Transactions, p 309 ) 

3. “ Results of Dredging on the Continental Shelf of New 
Zealand,” by Rev. W Webster. (Transactions, p. 306.) 


Ninth Meeting 20/^ February, 1906. 

Professor A. P W. Thomas, President, in the chair. 

Ab8Tka(t of Annual HjWPOKT. 

Five new ineniborw had bfion elected during the year, a number con- 
siderably below the average On the other hand, twelve names had been 
withdrawn from the roll Tiu^re had thus been a net decrease of seven, 
the total number of uiembers at the present time lieing 163 

The report referred with regret to the death of Mr. L. D. Nathan, 
who had been connected witli the Institute for more than twenty-five 
years, and who had always tieen a hberal supporter of its interests. 

The Ccnmcil also expressed their regret at the decease of Captain 
F W Hutton, the President of the New Zealand Institute, who had boon a 
most aedive and zealous supporter of the Institute from the time of its 
formation m 1868. In conjunction with the late Mr. Justice GiUies he 
matenally aided in the formation of the Auckland branch of the Institute. 

The gross total revenue of the Working Account had been £1,232 
6s. Id. Deducting from this sum two (exceptional items of £160 received 
on account of the Maokeohme bequ(»»t for the purchase of groups of large 
animals, and £100, an advance from the Investment Account towards 
defrajnng the cost of ©rfHJting the Maori house, the ordinary revenue had 
been £982 6« Id., being an increase of £24 3s on the receipts for the pre- 
vious year. The invested funds of the Costley bequest had yielded 
£842 Is. 3d., as agamst £371 19 h. for the previous year. The Museum 
endowment, in rents and interest, c^ontributed £361 9s, lid., an increase 
of £11 4 b. Id. on the amount for 1904 -6. £134 lOs. fid. had been tfaas- 
feired from the Mackechnie Library Bequest Account for the purohase 
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of boob}, and £117 I2s had Iwtm derived frpm meinberg’ BubBcriptioiiH 
The total exjx^nditnre hwl been £1,174 U 5d , which included the two 
excefitiunal iteinn of £127 14fl lOd. paid on aix^ount of groups of mammals, 
and £llt5 1 h IKl. for the oriHtion of the Maori house The credit balance 
at the Bank of New Z<mland at present was £58 38. 8d The Oouiieil had 
no change to report with respect to the mvestixl funds of the Institute, 
the total amount of which (£10,263 l«. 8d ) was the same as last year 

With the exc^eption of a short period devoted to cleaning and rearrange- 
ment, the Museum had beem ojieii daily to the public during the year. 
The att/cndanoe of visitors had been most satisfai^tory, and was the largest 
yet reconled On Sunday afternoons 20,440 visitors entered the build- 
ing, being an average of 303 for each Sunday The greatest attendance^ 
was 618, on the llth .htne ; the smallest 157, on the 27th October On 
the seven principal holidays the mimbea* of visitors was 2,583, or an average 
of 869 On ordinary week-days it is behe\ed that the avoiagc daily at- 
tendance was 125, making a total of 38,252 for week days, or of 61,275 
for th(' whole year Lost year the attendance was estimatc'd at 40,285 
The number of visitors during the three hours the Museiim is o{Km on Sun- 
day was quite half the total atUmdanee for the remainder of the week. 

Fair progress has been made with the erection of the new Maori 
house. The elaborately carved sideposts had all been set up, and tlu* 
framework of the roof completed, the rafters ha\ing lieeii painted by 
Maoris from old demgris kindly lent bv Mr. C K Nelson A large supply 
of kakalto, or reeds, hod been obtained for the lining of the loof, and many 
other preparations made But for the uiifortunati^ di^stniction of the reed- 
work panels by fire at Rotorua, where they were being prepared, t-he house 
would have been well advanced towards completion The Ikmncil trust, 
however, that it may yet be finished before the coming winter 

The second group of large stufTcd animals provided by the Mackochnie 
bequest had been received during the year and pla<*ed on exhibition I'lie 
third group, consisting of a polar bear and throe musk oxen (male, fe- 
male, and young), was now on its way from England, and would arrive 
m a few weeks A fourth group was being prepared, and would probably 
arrive liefore the end of the year The two groups at present exhibited 
attro^'t eonsiderable attention 

The increased revenue now dorivtMl by the library from the 8pe<*ial 
bequest of £2,000 made by the late Mrs. Maekei^irue had enabled the Coim- 
eil to order three consignments of books from their l^ondon agent 

The question of additional accommodation for the library urgently 
required consideration. 

The Ootmcil desired to convey the thanks of the Institute to the 
numerous donors to the Museum and library. They also wish to tender 
the special thanks of the Society to the Tyser Steamship Company and 
the New Zealand Sliipping Company for the free oorriagi' of the groups 
of mammals obtained from the Maekei^.bnie heqfiest. The thanks of the 
Institute were also duo to Mr. C. E, Neli^on for supervising the construc- 
tion of various carvings and other material required for the completion 
of the Maori house, and for much valuable advice coimected thcrt'with 

Election of OmoKRS yoE 1906.— — Professor 
F. p, Brown ; Vice-Pre^idenin — Professor A. P. W. Thomas and 
Dr. E. Roberton; OowtKjtf— L. J, Bagnall, H. Haines, J. Kirker, 
B. V. Miller, T. Peacock, D. Petrie, J. A. Poul, J. Reid, Professor 
H. W, Segar, J, Stewart, J. H. Upton ; Trustees — T, Peacock, 
J. H. Upton, Professor P. D. Brown; Secretary and Curator — 
T, P, Cheesoman, P.L.S. ; W. Gorrie. 



PHILOSOPHICAL INSTITUTE OF 
CANTERBURY. 


First Mkettnui May, 1905 

Dr, Farr, President, in the chair. 

Dr Chilton reported that ho and Captain Hutton had 
attended the last meeting of the Board of Governors of the New 
Zealand Institute, and that (Captain Hutton, F R.B., had been 
elected President of the Institute for the current year 

Dr Chilton then delivered hm ex-presidential address on 
“ Mimicry in Nature.” 


8k( OND Meeting 1th June, 1905. 

Mr. R Speight, Vice-President, in the chair. 

New Mernben — Dr W Malcolm Thomson, Dr A C. Sand- 
stem, Major Snow, Mr F Hitchings, Mr. J. 8. Jamieson, Mr. 
C. P Powell, Mr F C^lark, Mr. E. Kidson, Mr. G. Hurst Seager, 
and Mr C, A Seager 

Address, — Mr. R Nairn gave an address on “ Autumn 
(Vlourmg of Leaves ” 

Papers. — 1. “ Note an a Water-beetle found in Sea-water,” 
by Dr. Chilton (Transactions, p 63.) 

2 “ Note on the Occurrence of Metoponorthua pruinoaus in 
New Zealand,” by Dr Chilton. (Tranaactiona, p. 64.) 

3. “ On a Skeleton of Emeus craasua from the North Island,” 
by Captain Hutton, F R S , communicated by Dr. Chilton. 
(Transactions, p 66.) 

4. “ On Crassatellitea tradli,^^ by Captain Hutton, P.R.8. ; 
communicated by Dr, Chilton. (Tranaactiona, p. 66.) 

5. ” Notes on the Hemiptera of the ‘ Index FaunsB-Novfo- 
Zealandiae,’ ’’ by Mr. G. W. Kirkaldy ; communicated by Dr. 
Chilton. (Transactions, p. 61.) 

6. ” The (Vimbustion of Methane in the Presence of Palladium- 
Asbestos,” by Mr. H. G. Denham. (Transadiona, p. 39.) 

7. “ The Technical Analysis of Coal and Coal-testing.” by 
Mr. A. M. Wright. (Tranaactiona, p. 42.) 
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Third Meeting : M July, 1906. 

Dr. Farr, President, in the chair. 

New Members. — Mrs. CWey Hill, Mr R. English, Mr F. E 
Allen, Mr C K Meredith Kaye, Mr. J. Allen Mitchell, and 
Mr P. L. Hallonstein 

Address — Mr. E. G. Hogg. M.A , delivered an address on 
“ Planetary Atmospheres ” 

Papers — 1 “ Notes on a Brief Botanical Visit to the Poor 
Knights Islands,” by Dr Cockayne , (iommunicated bv Dr 
Chilton {Transactions, p 351.) 

2. “ The Leaf Anatomy of some Characteristic Plant-s of 
the Bouthern Islands of New Zealand,” by Miss Herriott, M A. , 
communicated by Dr, Chilton. (Transaciions, p 377 ) 

3. “ Appendix to the List of Seaweeds of Norfolk Island,” 
by R M Lamg, M A , B.Sc. (Transactwns, p 424 ) 


Special Meeting : 28e^ July, 1905. 

Dr. Farr, President, in the chair. 

Address — Professor Rutherford, F.R.S , delivered an address 
on “ Radium and its Transformations,” illustrated by numerous 
experiments, before a crowded meeting of the Institute in Canter- 
bury College Hall. 

A vote of thanks to Professor Rutherford was proponed by I^ofessor 
Easterfield, Victoria College, and seconded by Professor Evans, Canter 
bury College. 


Fourth Meeting * 2nd August, 1905 

Dr. Farr, President, in the chair 

New Members. — Dr. Diamond, Mr. G. W. Hulme, Mr. E. 
Phillips Turner, 

AMtess . — Professor Scott gave an address on “ The Resist - 
mice of Steel to Mechanical Shock, and the Determination of 
Material suitable for Machinery.” {Transadions, p. 615.) 
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Fifth Mekting * 6th September, 1905. 

Dr Farr, President, in the chair. 

New Members — Dr Alice Moorhousc, Mr. W Smith, and 
Mr J Revan Brown. 

Address ~ Mr K F. Stead gave an address, illustrated by 
numerous lantern-slides, on “ Bird Jafe in New Zealand.’’ 

Papers — 1 '' On a Specific Case of Leaf- variation in 

Coprosma haueri, Endl. {Hu^iacew)^ by Dr Cockayne. (Trans- 
aciions, p 341 ) 

2 “ On the Supposed Mount Bonpland Habitat of Celmism 
hmisayu Hook f by Dr (Vickayne (Transactiom, p. 346.) 

.3 On the Common Tangents of Two Comes,” by Mr. E. G. 
Hogg, M.A ; communicated bv Dr Farr 

4 ” Notes on Thermo-chemistry,” by Mr 8 Page. 


Sixth Meeting 4th October, 1905. 

Dr. Farr, President, in the chair. 

New Members —Mr. Molyneux and Mr. W. R. B Oliver. 
Address — Mr. F Hitchmgs gave an address, illustrated by 
numerous charts, on ” Sun-spots.” 

Paper — The Distribution of the Roiijera in New Zealand,” 
by F. W. Hilgendorf, D Sc 


Seventh Meeting • l^t November, 1905. 

Dr. Farr, President, in the chair. 

The President referred to the great loss sustained by the 
Institute in the death of Captain Hutton, F.R.8. 

He moved the following reflolntion ; ‘‘That the Philosophical In- 
stitute of Canterbury learns with profound regret the death of Captain 
F, W. Hutton, F.R.S., President of the New Zealand Institute, and de- 
sires to place on record its high appreciation of the many valuable services 
he has rendered to science, and its sense of the groat loss caused by his 
death. Captain Hutton joined the Institute ramer more than twenty- 
five years ago ; he served almost continuously as a member of the Oounoil, 
and on several occasions as Honorary Treasurer and President, and con- 
tributed in a very large degree to the growth and prospenty of the Institute, 
and at various times he rendered similar valuable services to the Otago 
Institute, the New Zealand Institute, the Australasian Association for 
the Advancement of Science, and other scientific bodies. By his long 
senes of original contributions on the geology and soology of New Zealai^ 
he establish^ the knowledge of these subjects on a sure and permanent 
foundation, and made for himself a world-wide reputation as a geologist 
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and KOologiDt, and by hiH rosearobeR on the ongin of the fauna and flora of 
New Zealand he beeame a recognised authority on questions of bio-geo- 
giaphy In the various offices he held m connection with the Geological 
Survey of New Zealand, the? Otago University and Museum, and Cant(*r- 
bury College and Muwnim, he faithfully and most efficiently discharged 
duties of great value fo the colony, and has loft an example worthy of 
imitation by all That in offering to Mrs Hutton and her family sin- 
cerest sympathy m their Iwreavement, the Institute trusts that they 
will derive some consolation from the fact that Captain Hutton has not 
lived and laboured m vain, and that the loss of his mature judgment and 
wide knowledge of New Zealand sciem e will be felt not only by the whole 
colony, but by scientific men throughout the world ” 

It was seconded by Ur Chilton, and spoken to by Mr Laing, Mr 
Mayne, i)r Cockayne, Mr Marrmer, Mr. Sjaiigbt, and Mr Watkins 
The motion wa*! oamod m wleme, all ]>rosent standing 
The meeting then adjourned for one week 


EiaHTH Mektino Sih Nowmher, 1905. 

Dr Farr, President, in the chair. 

Neti) Member. — Mr. E. Bartley. 

AMrean — Dr. F. W Hilgendorf gave an address entitled 
“ A Discussion of the Theories of the Formation of the (canter- 
bury Plains and of the Influence of the Barth’s Rotation on the 
Courses of the Canterbury Rivers ” 

The address was illustrated by means of a model of the lower Waima- 
kanri Gorge, and by numerous diagrams of transverse sections of vanoim 
Canterbury Rivers 


Annual Meeting . Uh December, 1906. 

Dr. Farr, President, in the chair. 

New Members, — Mr. A. C Bowbyes, Mr. W. Wigley, Mr. 
P. McCalluin 

Payers. — 1. “ On the Mum of New Zealand, with Descrip- 
tions of New Species (Genus MocrotiHfnfifH),” by Mr. R Brown. 

2. “ Report on some Crustacea dredged off the Coast of Auck- 
land,” by Dr. Chilton. {TransaotionB, p. 266.) 

3. “ List of Crustacea from the Chatham Islands,” by Dr. 
Chilton. {Tfamaettons, p. 269.) 

4. ** Description of a Species of Phreatoiem from the Sur- 
face Waters of New Zealand,” by Dr. Chilton. {Traneadiomr 
p. 27.4.) 

6, “ Note on the Occurrence in New Zealand of Dip- 
terous Insects belonging to the Family Blepharoceridw'^ by 
Dr. Chilton. {Transactions, p. 277.) 

6, ” Notes on the Sub-alpine Scrub of Mount Fyfie (Sea- 
ward Kaikouras),” by Dr. Cockayne. {TransactionSy p. 861.) 
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7. “ On Introduced Buds,” by Mr. tJ. Drummond. 

8. “ A Thoorein connecting Surface and Volume Integrals,” 
by Mr. E. G Hogg, M A 

9 “ On Steiner’s Quariic Surface,” bv Mr E. G. Hogg, 
M A. 

10 “ On the Anatoniv of Ilyla aurea"' by Mr. G R Mar- 
rincr (Tramiuitons, p 257 ) 

Annual Rkpoht of Council 

The (Joiintil has met eij^ht times since the last annual meeting of the 
Institute, and the average attendance of the members of the Council at 
such meetings has been eight 

The Council has to deplore the great loss it has sustained by the death 
of Captain Hutton, F R S Owing to his absence from the colony, Cap- 
tain Hutton’s services were at the disposal of the Council for only a part 
ot the year, but during the period he was able to attend the niwtmgs his 
wide knowledge and mature judgment were - as foi many years previously 
- of the geatest assistance to the (Joiincil in its conduct of the business of 
the Institute The Council desires to jilace on record its high appreciation 
of the services rendered by Captain Hutton to science in Now Zealand, 
and to the Philosophical Institute of Canterbury m particular. 

The scientific event of th(‘ greatest interest during the year was the 
visit of Professor Rutherford, F R S. The Institute co-operated with Can- 
terbury Collego in welcoming him to (’hnstchurch at a conversazione 
held in the ('olloge liall on the 24th July, and on the evening of Friday, 
the 2Hth July, IVofessor Rutherford dehvercKl, under the ausjnces of the 
Institute, m the same hall, a lecture on “ Radium and its Transformations,” 
which attracted a crowded audience 

During the yeai the Council has been in correspondence with the 
Government and other bramhes of the New Zealand Institute on the 
subject of the preservation of the native fauna and flora of the outlying 
islands of New Zealand, with special reference to the Campbell and Auck- 
land Groups. The result ot the correspondence has not bt»en satisfactory, 
but the Coun(5il trusts that the matter may l>e revived at some future time, 
and certain islands b<^ set apart as preserves for the native fauna and 
flora 

large additions have been made during the year to tlie library in 
dilTorent branches of science, and the scientific journals taken by the 
Institute have been increased in number The Council is of opinion that 
the members of the Institute do not by any means take full advantage 
of the really valuable scientifii library which is at their disposal 

During the year twenty-eight new members of the Institute have been 
elected, and the total membership is now 124, including five life members. 
Tlie average attendance at the meetings has been fifty. Seven addresses 
have been given, and twenty-four pajK^rs have been read. The latter 
may )>e classified as follows . Botany, 7 ; themistry, 3 ; mathematics* 3 ; 
zoology, 11 The Council considers the large number of orimnal papers 
nmd during the year as gratifying evidence of the vitality of the 
Institute. 

The balance-sheet shows that after paying £41 19s. lOd. for new 
books, and transferring £50 to a fixed deposit, there remains a credit balance 
of £29 1 68 7d. 

The tlianks of the Couned ore duo to the Board of Governors of Can- 
terbury College for the use of rooms, and to Mr. 0, E. Way for his con- 
tinued services as Honorary Auditor. 
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I)t Chilton and Dr Farr were elected as representatives 
of the Institute on the Board of Governors of the New Zea- 
land Institute 

The following resolutions, relative to the formation of a 
Research Fund in memory of the late Captain Hutton, F R.8., 
were unanimouslv adopted 

1 That it IS desirable that in memory of Captain F W Hutton a 
fund be established to known as the “ Hutton Memorial Researrh 
Fund.” 

2. That the fund lie devoted to the encouragement of original re- 
search m natural science in New Zealand 

3 That the fund when estabUshcxl be vested in and controlled by 
the Board of (Jovornors of the New Zealand Institute, 

4 That it be suggestini to the Board of Governors of the Now Zealand 
Institute that, in addition to making grants from time to time to |>erBon8 
engaged in original research, a bronze medal be struck, to be called the 
‘‘ Hutton Medal,” and be awardeil at suitable intervals to persons who 
have made original contributions of special value to the natural science 
of Now Zealand 

,5 That 111 order to save time the Philosophical Institute of Canterbury 
commence the colle(‘tion of subscriptions for the purposes above men- 
tioned, with the view of afterwards handing them over to the Now Zealand 
Institute, and that a contribution of £50 from the funds of the Philosophii al 
Institute be made to tlu^ fund 

ELEfTioN OF Officers for 1900. — President — Mr R 
Speight , Vi('e-Presid<eniH — Dr C. C. Farr, Dr F W. Hiigen- 
dorf ; Hon Secretary — Mr. E G Hogg, Hon, Treasurer — 
Dr Chilton ; Council — Dr. Cockayne, Mr H G Denham, 
Dr. Evans, Mr R, M. Laing, Mr B. Mayiie, Mr. C. J. Wil- 
liams ; Hon, Auditor — Mr. G. Way, F.I.A., N Z. 



0TA(4() INSTITUTE. 


First Meeting ^Hh May , 1905 , 

The President, Mr J C Thoinson, in the chair 

yew Menil)erfy — Professor J Malcolm, Dr. Kilcy, Messrs 
E J Pan, W. Do wine Stewart, Robert Browne, and J. Blau* 
Mason 

The Presnlent delivered his presidential address on The 
Resources of New Zealand ” (fully leported in the Otago DaUy 
I'lmes, 10th May) 

Ho dealt, llfHtly, with ajjrioultiiral and pastoral callings, tracing out 
the dovolopinontal history of the trozon-moat trade and the export of 
butter In regard to flax, ho pointed out the great need for expenineutal 
work in the directKm of ti eating the hbie and producing the sort of 
mateiial familiar to Maoris, ho inHisied on the suioidal policy pursued 
by flaxmiUers in destroying tlie flax over large areas, and making no pro- 
vision for propagation of the host varieties The fruit industry and fishing 
industry both needed systematic study , in the latter, the desirahifity of 
utilising wa«t<3 product K, for the extraction of oil and manufacture of 
manure, was referred to Passing on to the mineral res(>nrce», he gave 
statistics with regard to gold, silvei, coal, irun-ore, antimony, ucheolito, 
copper, &c , as well as of limestone, phosphate rook, and cement. He 
pointed out the value of our timhir supply, and thfi need for Government 
to interfere in order to obviate the waste caused by annual clearings of 
bush land The excillcnt work carried on by the Forestry Department 
was discussed ; and finally, referem c was made to the valuable resource 
that New Zealand has m its wat< r-su[)ply, both for irrigation purposes and 
for power 

At the conclusion of his remarks he was, on the motion of Dr Hocken, 
seconded by Mr K Herlx^rt, accorded a hearty vote of thanks for his 
very instructive jiractical address 

Mr G M. Thomson made some remarkH upon a specimen 
of mistletoe growing on a hawthorn, submitted by the Hon. 
S«H*retary (Mr Robert Gilkison). 

Ho pointed out that mistletoes usually put their radicles into the 
lieart of the trees ujMm which they grew and sucked the imassmiilated 
sap, while do<lderfl sucked the formed sap from the outside. This speci- 
men showed both typos of nutrition 


Second Meeting . June, 1905. 

Mr. J. 0. Thomson, Prc^sidcnt, m the chair. 

Exhihtiif , — ^Professor Beuham exhibited and made remarks 
upon a oast of the skull of an early ancestral horse (Mewhippm) 
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recently acquired by the Museum, and compared it with tlie 
skull of a recent horse ; and gave a brief account of the evolu- 
tion of the liorse 

Mr. (t. M. Thomson, local 8ecretarv of the Australasian 
Assocnation for the Advancement of Science, laid upon the 
table an advance copy of the report of the Dunedin meeting. 

Mr. Thomson gave some account of the work being carried 
on at the Marine Fish-hatehery at Portobello 

A short note bv Mr. H P Young, of Orepuki, was read, 
“ On the Native Name of the Fuchsia ” 

In the Maori name for fuchsia {kotukiUuku) the iukuiuku gignifios 
that the flowers are pendulous The name seems to have been the ex- 
clamation of one Native to another on first seeing a number of these 
flowers: Kotuhduku ! '* (“They all hang down”) Another name. 

konini^ appears to bo derived from ntata, to glow, and may lie 
applied on account of the glossy, shining ap|)earanoe of the flower. 
According to Mr Clioesemau this name is applied to the fruit, but 
Mr. Young’s informant — an intelligent North Island Native — says it is 
the common name m the Taranaki district for the flowering plant 

Mr. D. B. Waters delivered a short lecture on “Oil Engines ’’ 

Mr. W D. Stewart gave a brief acjcount of a trip across 
Siberia, illustrated by lantern-slides. 


Third Mektinq 20fA Judy, 1905, 

Mr. J. 0. Thomson, President, in the chair. 

Professor Easterfield delivered a most interesting lecture, 
illustrated by experiments, on “ The Romance of (^oal-tar ” 

A vote of thanks, moved by Professor Black and seconded by Mir. 
G. M. Thomson, was earned with ac^olamation. 


Fourth Mbetinq : %th Augmi, 1905. 

Mr. J. (1 Thomson, President, in the chair 
Papers, — 1. “ Notes on the Distribution of Ores in Hori- 
zontal Zones in Vertical Depth, ^ by Professor Park. 

2* “ On the Geology of the Clarendon Phosphate-deposits,” 
by Arthur Robert Audrew, B.Sc., A.O.8.M. ; communicated by 
Professor James Park; with map. {Transactions, p. 447.) 

3. “ Notes on the Influence of Country Rook in Relation 
to the Distribution of Valuable Contents of Lodes, with Speoial 
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Reference to the Proflnctive Zones Jti the Thames Goldlields, 
New Zealand/’ by Professor Park, with plans and se(‘-tion. 

4 Notes on the Formation of Zones of Secondary Enrich- 
ment in certain Metalliferous Lodes,” by Professor Park 

5 “ Notes on tlie Origin of the Metal-bearing Solution con- 
cerned in th(* Formation of Ore-deposits,” by Professor Park. 

6 “ On the Occurrence of Gold at Haibour Cone,” by C 
N Boult, B Sc , communicated by Dr P Mai shall ; with maps. 
(T rati met 10 ns t p. 425 ) 

Addresses by Professor Benham and Mr. G. M. Thomson on 
“ Modern Work on Evolution” were delivered. 

J)r Benham dealt chiefly with some of the modern factors of evolution, 
such as mutation, isolation, and the ox]f»orimental study of variation. 

Mr Thomson discussed certain modern work on horodity, especially 
“ mendehsin ” 


Fifth Meetino [2th Septeinlier, 1905 
Mr. J. C Thomson, President, in the chair. 

New Member, —Mr J W lien ton. 

Dr. Hocken, referiing to a proposal to introduce English 
owls into New Zealand, stated that these birds preyed on mice, 
voles, &c , and only rarely attacked small buds. 

Ml. F W, Payne gave a lecture on “Irrigation in Central 
Otago.” 

Papers. — 1. “ Entomology in Southland,” by ij Howes, 
F.E S 

2. “ Some New Species of T^epidoptera'' by G. Howes, F.E.8. 
{Transactions, p. 510.) 


Sixth Meeting 17/^ October, 1905. 

Mr. J. C. Thomson, President^ in the chair. 

Exhihtts. — Dr. Marshall exhibited some fossil ferns from the 
Hokonui Hills, near Gore, some of wluch belonged to the Jurassic 
period, and others of an earlier geological time. 

Some of these showed frut tifii ation on the fronds, and indicated a 
genus found m New Zealand at the present day. Others were of a kmd 
not now found here. » 

Dr Marshall exhibited some polished bowenite — a kind of 
transparent greenstone much more rare than the greenstone 
commonly found in the colony. 
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I)r. Benham exhibited casts of the skull and feet of the 
generalised fossil nianiinal Phenacodus, 

The changes that had gradually taken place in the form of the foot 
of the horse, from those found on the fossil remains of the horse to that 
of the present time, were explained by means of the casts and skeleton 
legs exhibited. 

Dr. Benham also exhibited the peculiar spiral cases of the 
caddis- worm Hdxoofsychey received per Mr. R Browne, of 
Tokaniu. 

Dr. Malcolm exhibited a capillary electrometer, and ex- 
plained its ac’tion by means of sketches on the blackboard. 
Afterwards, under a micro8(*ope, by means of the instrument, 
the electric current in living tissues was shown in a frog's muscle. 

Papers — I “ An Account of some Earthworms from Little 
Barrier Island,’* by Dr. Benham (Transactions y p 248 ) 

2. “ Some Additional Earthworms from the North Island,” 
by Dr. Benham. (Transaction's, p 239 ) 

3. ” Note on a Large Specimen of Pterotrachea*^ by Dr 
Benham. (Transactions, p. 245.) 

Dr. Hocken began the reading of a very interesting paper 
on “ The Rev. Samuel Marsden and the Early New Zealand 
Missions.” 

The author haa collected a mass of very valuable data relating to hi» 
subject, and during his recent visit to England gathered much authentic 
information in the village near Leeds where Jlr. Marsden was bom. The 
paper dealt with the early life, the education at the university, the ordi- 
nation, and the appointment to an oflRcial position in New South Wales 
of the reverend gentleman ; but the biographical sketeh had not got beyond 
the voyage out to Botany Bay in the convict ship “William,” ana the 
birth of a daughter in the midst of very rough shipboard surroundings, 
when the further reading of the paper was adjourned. 


Seventh MKEXiNa : 14tA November, 1905 
Mr. J. C. Thomson, President, in the chair. 

The following resolution was passed : ” That the members 
of the Otago Institute record their great sense of the loss which 
the cause of biological science has sustained by the death of 
Captain Hutton, F.R.8. As an bdefatigablo and earnest worker 
in many branches of natural science he has left his mark deep 
on the scientific records of this colony, in which his name will 
always be remembered as one of the pioneers of biological work. 
As teacher of biology and geology in Otago University and 
Canterbury College, as Curator of both Museums, as President 
of this Institute and of the New Zealand Institute, and as Presi- 
dent of the Australasian Association for the Advancement of 
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Science, he did yeoman’s service for the cause which he had so 
much at heart That a (jopy of this resolution be forwarded to 
Mrs. Hutton, together with an expression of the Institute’s deep 
sympathy with her and with the members of her family in their 
bereavement ” 

The above was moved by Mr G M Thomson, seconded by Dr. Hocken, 
and Dre Bonham and Marshall spoke to the motion. 

Professor Beuham exhibited a probably extinct species of 
wren (Traversia lyaJlt) obtained on Stephen Island, and a species 
of gigantic weta (Henitdeina hroughi) from the West Coast. 

Papers.— I, “ Treatment of Partially Decomposed Pyritic 
Tailmgs by the Cyanide Process,” by Mr. F Shepherd ; com- 
municated by Professor Park {Transactions^ p. 558.) 

2. “ Portobello Fish - hatchery, wuth Scientific Notes and 
Kecord of Observations,” by Mr G M. Thomson, F.L.8. 
(Transactions, p 529 ) 

3. “ The Gem Gravels of Kakanui, with Remarks on the 
Geology of the District,” by Mr J. Allan Thomson, B.Sc., Rhodes 
Scholar. (Transactions, p 482 ) 

4. “ Geological Notes on the West Coast,” by Dr. Marshall. 
(Transactions, p 560 ) 

5. “ Note on the Occurrence of Two Rare and Two Intro- 
duced Moths,” by Mr. G. Howes (Transactions, p. 509.) 

Mr. G. Howes read the following note on “ Fruit-destruction 
by Small Birds in Central Otago ” : — 

I have lately returned from a trip through Central Otago, and while 
m the Teviot and Alexandra districts had my attention caUed to a new 
phase in the destrmtion of fruit by small birds. Until this year fruit 
has been comparatively safe until it ripened. Now they are attacking 
the trees wlule still m Hower and just as the fruit forma. Roxburgh and 
Coal Creek have over thirty orchards producing fruit for the market. Of 
these half a dozen only have escaped serious loss from the ravages of small 
birds. Some orchards have only one-tenth of their usual crops left Tho 
smaller outlying orchards have been practically stripped, the larger ones 
adjoining each other not having suffered so heavily. The birds, of whom 
tho green linnet seems the worst offender, attacked the apricots alter the 
fruit was formed, and the chwries while still in flower. When I left they 
were attacking the peaches and plums also. I visited the two largest 
orchards at Alexandra, and they have suffered greatly. Mr, Iverson 
will be a very heavy loser, having some 20 acres of fruit-trees, and yet only 
able to save the fruit on trees immediately about his house. The introdoo- 
tion of owls has been advocated, and if they are to be introduced there 
could bo no better districts than the Toviot and Alexandra for the experi- 
ment. Thwe are but few native birds for the owl to destroy, and the hill- 
sides swarm with destructive introduced birds. 

Dr. Hooken read tho second part of his instructive paper on 
“ The Rev. Samuel Marsden and Early New Zealand Missions.** 

Dr. Hocken sketched in a most interesting the terribly u phill 

and diabeartemng work of a missionary in the early days of the conviot 
establishment in New South Wales 
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Annual Meeting. 

The annual meeting was then held. 

The annual report stat/od, inter a/»a, that during the session ten new 
members were eltn-ted and ten had resigned, the total membership stand- 
ing at 102 

A very handsome gift was made to the Institute by Dr. Fulton of a 
line collection of P'Jew Zealand birds* eggs, which were gratefully accepted 
and handed over to the Otago Umversity Museum. 

The tknmcil, on the strength of information received from various 
members, drew the attention of the Government to matters of pressing 
importance in coime<'tion with the preservation of our fauna and flora, 
and had assurances from the Government that the recommendations will 
be favourably considered. It is hoped that prompt action will be taken 

Rafwring to the lecture by Professor Easte^eld, delivered m the 
chemistry room at the Umversity, the report states that it is matter for 
regret that the attendance of members was small, and it is certainly neither 
encouraging to the lecturer nor to the Uouncil m securing talent from 
beyond our own borders. 

The Chairman moved the adoption of the report 

He said that it was an interesting fact that several of the papers 
contributed wore written by students of Otago University. He hoped that 
their example would be followed. He referred also to the fact that the 
membership of the Institute never seemed to get much beyond about a 
hundred. The balance-sheet showed a revenue of £170. When they 
commenced the year they had a balance of £25 lOs. 2d,, and at the end of 
the year the balance was £52 58. 6d. According to their rules they were 
supposed to spend at least a third of their revenue on literature. This 
year they had spent over half. 

The report and balance-sheet were formally adopted. 

Election of Officers for 1906.— -Preswfcnf— Dr. P. Mar- 
shall ; Vice‘Prmdent8--Mr. J. C. Thomson and Dr. Fulton ; 
Hon. Secretary — Professor Benham : Hon. Treasurer — Mr. W. 
Fels ; Council Mr. A. Bathgate, Dr. Hocken, Mr. G. M. Thom- 
son, Mr. E. Collier, Professor Malcolm, Professor Park, and Mr. 
D. B, Waters. 

It was recommended that Dr. Benham and Mr G. M. Thom- 
son should be elected in December Governors of the New Zea- 
land Institute. 

Dr. Marshall having returned thanks for his election, the 
meeting terminated. 



WESTLAND INSTITUTE. 


Abstkact of Annual Report. 

Tho total revenue of the G.“noral Account, not inchiding the balance 
brought forward at the beginning of tho year and £70 transferred from the 
Special Account, has been £80 Is lOd. The total expenditure was £149 
98. 4d 

About sixty volumes have been purchased during the year. 

The reading-room is well sujiphed with the leading daily and the local 
papers, the latter being donated to the room Tho Institute de«ires to 
record its thanks to tho proprietors for these, also to the Government for 
publications tent from the Government Pnntmg Office. 

Mr Henry Weston, who for seventeen years acted as Secretary and 
librarian, found it necessary, owmg to old age and failing health, to re- 
sign hiH position, and Mr 0 Kirk was appointed m his place The Trus- 
toes desire to thank Mr J II Ward for ms kind assistance during the lost 
few months of Mr Weston’s service 

The most important circumstance during the year was the obtaining 
of tho grant of £2,000 from Mr Carnegie for a new library. The plan 
for this building has been sent to Mr. Carnegie for his approval, and w© may 
look forward to seeing the completion of the institution in the course of 
twelve months 

Election of Officers for 1906 —President— Ux. H. L. 
Michel ; Vtce- President — Ml. 6 A. Perry ; Treasurer — Dr. 
Macandrew , Trustees— Beare, Clarke, Dunne, Heinz, 
Lewis, McNaughton, Morton, Park, Wake, Wilson, and Mabin ; 
Auditors — Foley and Ward. 



HAWKE’S BAY PHILOSOPHICAL INSTITUTE. 


Annual Rki’oht 

Dunti^ the HesHiou seven ordinaiy arid foiir (iotinnl meetings have 
inmi held At the oidinary meetings five lectuies weie deliveunl and 
four pajiers read One of the most enjoyable meetings was that devoted 
to the mitroseojK* lA^etiirettes ^oro delivered dealing with the struc- 
ture of the microscope, tiie jin^paration of slides, and photonin lography, 
and a great many sjwcimens were exhibited, no fewer than fourteen niicro- 
scojies being brought into use 

'riie ColeiiHo botanical sjiecimens have been placed on deposit in 
the Colonial Mustnuu. wheie they will be in safe keeping, and will lie 
a\ailable for scientific pui poses 

Hoping to widen the hcojm^ of the Institute’s usefulness, voin (^oun 
cd placed the library at (he disjiofial of the teachers of the district as a 
leffjrence library They r*egiet to report, howe\er, (hat, although only 
a nominal subscription was asked, aavantage has not VsHm taken of tlu' 
offer m the manner that was anticipated, only two teachers having 
availed themselves of the opportunity 

Mr. Hill’s term of office as this brancli’s representative on the Board 
of (Jovornors of the New Zealand Institute having expirtnl, the Council 
again elected him to that position. 

Vour (Vmncil regret that Mr W. H Antdl, Vkjc President, who heis 
for some years taken an na tive interest in the work of the branch, has 
found it necessary to resign meinliership on account of his removal from 
the district. Two new members have bt^en elected dining the year 

Nine now volumes have been added to the Society's library 

The Treasurer’s balance- shei^t shows a small credit balance 


Papers and Lectures read before the Institute during 
THE Session 1906. 

2Tid May. — The President, H. Hill, B.A., F.O.8., delivered 
the inaugural address, his subject being “ Social and Industrial 
Questions as they affect New Zealand.” 

6th June. — Paper by J. Quthrie-Smith, “ The Native Birds 
of Three Hawke’s Bay Runs.” 

4th July. — lvc(!ture by Dr. Kennedy, Meteorological In- 
struments and how to use them.” 

Ist August, — Papers: (1.) H. Hill, B.A., FG.8., “Wanted, 
a Colonial Scientific Advisory Board.” (2.) W. Dinwiddie, 
National Character.” 

6th September. — Lecturettes : (1.) Dr. Leahy, “ The Con- 
struction of the Microscope.” (2.) Dr. Henley, “The Pre- 
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paration of Slides ” (3 ) J)r Kennedy, Photomicrography.*’ 
By means of fourteen microscopes a large number of interesting 
specimens were exhibited 

3rd October —Paper by Dr Leahy, “ Electric Currents of 
High Frequency ” 

Ei.kction of Officers for 1906 — President — W. Dm- 
widdie , V ice‘PreMdcni — E A W. Henlev, M.B. ; Counml — 
J Guthrie-Smith, T. Hall, H Hill, B A , F.G 8., J. P Leahy, 
M B , D.P.H., T. C. Moore, M.D., T Tanner ; Hon Secretary 
— Jas. Hislop, District School , Hon Treasurer — J. W. Craig ; 
Hon, Auditor — G White, Lanternist-C. F. Pom ton. 



NELSON INSTITUTE. 


Abstract of Annual Rbport. 

During the year a considerable ainoimt of work was done in the direc- 
tion of leoiganizing th<' MuHcum Sfjveral new oases were purchased, 
and different memliers undertook tlie cataloguing and arranging of vartous 
classiis of oxhIlutH A groat improvement had been effected, and there 
iH no doubt that during the coming year the work would have been 
carried to a Huccessful igsue, liad not the recent ealaniitous fir© undone 
all that had been achieved Fortunately, not many of the exhibits were 
actually destroyed nr lost, but many were seriously damaged 

The thanks of the Institute are due to Messrs, Charles and Lionel 
Maokie, who kindly lent to the Museum a choice collection of minerals 
and curios Fortunately, these were little injured in the fire 

In Noveinlier, Dr Dell, the Dirt'ctor of the New Zealand (ieologu‘al 
Survey, kindly gave, under the auspices of the Scientific Branch, an in- 
teresting leoiu^<^ on his experiences in the far north of Canada The 
net proceeds, wbi<*h amounted to over £10, were devoted to the Mustuim 
fund. 

A niimlier of meetings were held during the winter months for the 
discussion of seiontitic subjects, and were well attended. Mr Worley 
gave an account of the geology of the City of Kelson and its neighbour- 
hood, and illustrated his remarks with maps, diagrams, and specimens 
Dr Hudson delivered a lecture on the subject of Nelson weather, and 
exhibited in diagrainniatio form the results of observations which he bod 
made over a j^eriod of many years. Mr. Gibbs gave a lecture on elec- 
tricity and X rays, and showed expenments with a powerful Wimshurst 
machine and a Kontg<m ray apparatus Short papers were road on tbe 
brilliant June meteor, the various potato- blights, and some insect (jests, 
and several other subjects and numerous exhibits were shown at the 
meetings and discussed. The Bcientiffc Branch will no doubt continue to 
meet during the coming winter, and all persons wlio take an mtorest in 
scientific matters are cordially invited to attend. 



MANAWATU PHILOSOPHICAL SOCIETY. 


First Meeting 2:\rd Fehnmry, 1905. 

Mr Kenneth Wilson, M A , President, in the chair. 

Mr P. B. Baldwin read an exhaustive paper on the “ Early 
Native Records of the Manawatu Block.” 

He traced the nugiation of the tribes, hapus, and famihes of the Maoris ; 
their wars, victories, and final occupation of the land from the Manawatu 
Gorge to the Oioiia River 

Several members took jiart m the discusaion which followed. 


Sf.i^ond Meeting l%th March, 1905 
Mr Sinclair, in the absence of the President, in the chair. 

Mr William Welch read a paper on “ Etchings and Steel 
Engravings ” 

He gave an account of the growth and final dec^y of these arts, and 
exhibited a large number of samploB of, and explain^ the processes of, 
wood engravmgH, line, dry-poiiit, 8ilver*pomt, mexxotmt, aquatint etohuig 
on steel and copper 


Third Meeting * ISth May, 1905. 

The President, Mr Kenneth Wilson, M,A., in the chair. 

New Members.— Ahx Paterson, M.D., and Captain Hewitt, 
E.N. 

Dr. Stowe read a paper on “ Radium and the X Rays,” 
which was illustrated by a powerful battery, m which he showed 
the development of electronis. 

Mr 0. E Warden read a paper on “ Education, ” in which 
he dealt with the methods of the primary sohooK and advanced 
theories for the improvement of our present system. 

This meeting was thrown open to the public. 
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Fourth Mkkting : June, 1905. 

The President, Mr. Kenneth Wilson, M.A., in the chair. 

New Memher.-^Mr. W. F. Durward. 

Dr. Paterson read a paper on “ The Subjective Ego ' its 
Nature and Manifestations, its Influence on the Moral, Mental, 
and Physical Conditions of Man.” 

A diBousaion among the memfiers followed, after which Dr. Paterson 
replied. 

This meeting was thrown open to the public. 


Fifth Mertino . July, 1906 

The President, Mr. Kenneth Wilson, M.A., in the chair. 

Professor Easterfield, M.D., of Wellington, delivered a lec- 
ture on ” Poisons,” which he illustrated by numerous experi- 
ments. 

Tho nound covered comprised : (o) Poisons from a historical stand- 
point ; (0) classification of poisons; (c) the detection of those poisons 
commonly used for criminal purposes ; and (d) the poisonous constituents 
of some New Zealand poisons. 

A discussion followed, during whioh many questions were asked by 
members, and replied to by the ftofessor. ^ 

This meeting was also thrown open to the public. 


Annual Meeting : 20(A July, 1906. 

The President, Mr. Kenneth Wilson, M.A., in the chair. 

The report and balance-sheet were read and approved. 

In the fonner it was shown that the Society had been eminently 
successful in its first year of work. It now numbered thir^*niae members, 
and eleven papers were read. The Palmerston North Borough Council 
had placed a room at the disposal of the Society for a museum, and from 
the number of specimens, oorios, 4o., that had t>^ promised, the museum 
bade fair to become a success. 

The New Zealand Institute presented the Society with tliirty-two 
volumes of its Transactions, whioh had been bound and placed in tiie limary. 

The balance-sheet showed a credit of il3, 

Elbotion of Officers for 1906. — President — John E. 
Verno^ M.A. ; Fios-Prwwient#— Kennsth Wilson, M.A., P. E. 
Baldwin, Di. Stowo ; Council — W. Collingwood, M. A. Eliott, 
F. Goote, B.A., G. Hirsoh, W. H. Maclean, A. A. Martin, M.D. 
Secretary and rreosurer— William Welch ; Curator of the Mu- 
seum— WMam Welch; Auditor— "R. N. Keeling. 
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Seventh Meeting 2Uh August, 1906. 

Mr. Kenneth Wilson, M A , in the chair. 

Mr. D W Low read a paper on “ Ideahsm and Realism m 

Art.’’ 


Eighth Meeting 2Sth September, 1905. 

The President, Mr John E. Vernon, M.A , in the chair. 

New Members —Mr. J H Hankins, and Mrs Mellsopp, M A. 
The Rev. I Jolly, M A , read a paper on “ Some Recent 
Discoveries m Babylon, and the Laws of the Great King 
Huma-Rabi,” before a very large audience, in the Opera 
House 


Ninth Meeting l^th October, 1905. 

The President, Mr John PI Vernon, M.A., in the chair 
Dr Martin read a papc^r on “ Fatigue and Sleep,” in the 
Opera House, before a crowded audience. 

He dealt with the action on the hrain>oelis of phyaical and mental 
fatigue, and the recovery by rest and sleep 

The paper was illustrated by numerous diagrams. 


Tenth Meeting 23rd November, 1905 
Tke President, Mr. John E. Vernon, M.A, m the chair. 

Mr. H Drew read a paper on ” A Record of the Enderby 
Settlement in the Auckland Islands in 1850” 

This paper was made specially interesting by the fact that the author 
was a lineal descendant of one of the officers of that expedition, and that 
he liad gleaned his information at first hand. 
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NEW ZEALAND INSTITUTE. 


HONORAKY MEMBERS. 

1870. 

Finsch, Otto, Ph D., of Bremen, Hookbr, Sir J. D , G0.8 I , C.B., 
Leiden, Holland. M D,, P R.S,, Royal Gardens, 

Kew. 

1873 . 

GCntheb, A., M.D., M.A., Ph.D., F.H.S., Lifcohfield Hoad, Kew Gardens, 

Surrey. 

1874 . 

Nbwtom, Alfbed, F.K.S., Magdalen College, Cambridge, England. 

1876 . 

Sclateb, Philip Lutlby, M.A.. Ph.D , P.R.8., Zoological Society, 

London. 

1876 . 

Beroqbbm, Dr. S., Lund, Sweden. 

1877 . 

Sharp, Dr. D., University Museum, Cambridge. 

1888 . 

Lord Kmlvin, PC., GO VO, Ellbbt, HoBSUiT L. J., F R S., 
D 0 L., F.R.S., 18, Eaton Place, Obaervatory, Melbourne. 

S.W. 

1886 . 

Shabp, Biokabd Bowdleb, M.A., WAtr.ACB, A, R., F.L.S,, Broad- 
F.L.S , Zoological Museum, Cam stone, Wimboine, England, 
bridge. 

1890 . 

Nobdstedt, Professor Otto, Ph.D., I LiVEBSiDas, Professor A., M.A,, 
University of Lund, Sweden. | F.B.S., Sydney. 

. 1891 . 

Goodale, Professor G. L., M.D., LL.D,, Harvard University, Massaohu 

aaHt, U.S A. 

1694 . 

Dybb, Sir W. T. Thmeltoh , ConatKOTON. Rev R. H., D.D., 
K.C.M.G , O.I E , LL.D,, M.A., Wadhurst Rectory, Sussex, Eng, 
F.B.S., Royal Gardens, Kew. land. 

1895 . 

MmsH, WiXiLXAM, F.L.S., eare of Itinnean Society* London. 
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1896 

Lydkkkeb, Riohabd, B.A., F.R.S., British Museum, South Kensington. 

1900. 

Agaedh, Dr. J Q., University of Avkbuby, Lord, P.C., F R 8., High 
Lund, SwfdoD. Flms, Farnboroi^b, Kent. 

Massbk, Gbobge, F L S., F.R.M.S. 

1901 

Eve, H W., M.A., 87, Goraon I Gokbbl, Dr. Oarl, University 
Square, London. 1 of Munich. 


1902 

Sabs, Professor G. 0., University of Ohristiama, Norway. 

1903. 

BLlotz, Professor Otto J , 437, Albert Street, Ottawa, Canada. 

1904 

Rdthhefobd, Professor E., McGiU David, Professor T. Bdgbwohth, 
University, Canada. Sydney University, N.S.W. 


ORDINAEY MEMBEES. 

WELLINGTON PHILOSOPHICAL SOCIETV 
[* Life members ] 


Adams, C. E., B.Sc 
Adams, 0. W. 

Allen, Frank 
Barraud, W. F. 

Bates, Eev. D. C. 

Beetham, W, H. 

Bell, E. D. 

Bell, H. D. 

Bell, Dr. J. M. 

Blair, J. R. 

Brandon, A. de B 
Browne, M. H. 

Buller, Sir Walter L., 
K.O.M.G., D.Sc., F.S.S. 
Campbell, J. P. 

Chalmers, A. B. 

Chapman, Martin 


Christie, Henry M. 

Christie, Mrs. Henry M. 
Chudleigh, E. R. 
j Clarke, A T. 

Cockayne, A. 

Cockayne, Dr. L. 

Cowan, J. 

Gowper, D. A, 8. 

Denton, George 
Downes, Thomas William, 
Wanganui 
Dyrnock, E. B. 
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Asiatic Society of Bengal, OalcUtta, 

Geological Survey of India, Calcutta. 

Natural History Society, Bombay. 

QueeniUmd, 

Geolo^cal Society of Australasia, Queensland Branch, 
Brisbane. 

Geological Survey Office, Brisbane. 

Library, Botanic Gardens, Brisbane. 

Queensland Museum, Brisbane. 

&>yal Society of Queensland, Brisbatte^ 

Nm South Whim* 

Agrictdtural Department, Sydney^ 

Austmlasian Association for iiii kimrnrnm of tficiewet 
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LinnsBan Society of New South Wales, Sydney. 

Public Library, Sydney. 

Royal Geograpliical Society of Australasia, N.8 W. Branch, 
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Viotonan Institute of Surveyors. 
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Denmark. 

Natural History Society of Copenhagen. 

Royal Dani&h Academy of Sciences and Literature of 
Copenhagen. 

(rerniany 

Botanisoher Verein der Provinz Brandenburg, Berlin 
KOnigliche Bibiiothek, Berlin 

Konigiiche Pnvaikalisch • Oakonoraisohe Geselischaft, 
KOnigsberg, E Prussia 

Koniglichoa Zoologisches und Anthropologisch - Bthno- 
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Rautenstrauch-Joest- Museum (StS-dtisches Museum fur 
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K K. Central- Anstalt fiir Meteorologie und Brdmag- 
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Belgium and the Netherlands. 
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Acad^mie Royal des Sciences, deft Lettres, et des Beaux- 
Arts de Belgique, Brussels. 
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Mus4e d'Histoire Naturelle de Gendve. 

Naturforschende Gesellsohaft (Soci6t4 des Soiduoes Natu- 
relles), Bern. 

Frame. 

Bibliothique Nationals^ Pans. 

Mus4e d’Histoire Naturelle de Bordeaux. 

Mus4e d'Histome Naturelle, Paris. 

8oci6t4 SSntomologique de France, Paris. 

Soci^t^ de G^opi^aphie, Paris. 

BodM Bodogique de France, Parity 
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Italy, 

Biblioteca e<i Archivio Tecnico, Borne 
Museo di Geologia e Pdleontologia del B. Instituto di Studi 
Superiori. Florence. 

Museo di Zoologia e di Anatoinia Comparata della B. 
Universita, Turin. 

Orto e Museo Botanico (B Instituto di Studi Superiori), 
Florence. 

B. Accadomia di Scienze, Letfcre, ed Arti, Modena, 

B. Accademia dei Lincei, Borne, 

Siazione Zoologica di Napoii» Naples. 

Society Africana dTtaha, Naples. 

Societal Geografica Italiana, Boine 
Society Toscana di Scienze Naiurali, Pisa. 

United States of America 

Academy of Natural Sciences, Bufifalo, State of New York. 
„ Davenport, Iowa 

Library, Philadelphia 
r, San Francisco. 

Academy of Science, Wisconsin. 

American Geographical Society, New York. 

American Institute of Mining Engineers, Philadelphia. 
American Museum of Natural History, New York. 
American Pmlosophical Society, Philadelphia. 

Boston Society of Natural History. 

Connecticut Academy, New Haven. 

Department of Agriculture, Washington, D C. 

Franklin Institute, Philadelphia. 

Johns Hopkins University, Baltimore, 

Missouri Botanical Gardens, St. Louis, Mo. 

Museum of Comparative Zoology, Cambridge, Mass. 
Natural History Museum, Central Park, New York. 

New York Academy of Sciences. 

Smithsonian Institution, Washington, D.G. 

Stanford TJnivei^ity, California. 

United States Geological Survey, Washington, D.G. 
University of Montana, Missoula. 

Wagner Free Institute of Science of Philadelphia. 

Brazil, 

Mttseu Paulista, Soo Paulo, 

Esoola de Miuas, Bio de Jaii;pito. 

Argentine BepubHc, 

QoUiedad Oientifica Argentina, Buenos Ayres. 
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Uruguay. 

Museo Naoional, Monte Video. 

Japan. 

College of Literature, Imperial University of Japan, Tokyo 
College of Science, Imperial University of Japan, Tokyo, 

Hawaii. 

National Library, Honolulu. 

Java. 

Society of Natural Science, Batavia. 
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